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Abstract— A design based on time delay for high resistance 

measurement has been proposed. A capacitor is charged 

through the test resistor and the time delay is noted. The 

method makes use of two key technologies, an ultra-low 

power comparators and high precision time to digital 

converters. The ultra-low power comparator which requires 

few picoampere of input bias current is used to measure the 

voltage across a capacitor.  The time to digital converter 

which can measure a few tens of picosecond delay is used to 

measure the charging time of a capacitor. The method can 

be shown to measure up to 100Giga Ohms with an accuracy 

better than 2ppm The method is an alternative to measuring 

high resistance using expensive equipment pico ammeters. 
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I. INTRODUCTION 

Measurement of high resistance is used in the 

characterization of materials, resistivity of insulators, 

vacuum tubes, leakage of capacitors, insulation of printed 

circuit boards etc. Some other applications are measuring 

earth resistance, localization of cable faults and the like. 

These measurements sometimes need a high accuracy of 

measurement.  

The common methods of measuring high resistance 

are constant voltage method, constant current method loss of 

charge method etc. The first two methods can be employed 

when high accuracy equipment while the third method has 

been of academic use in a very limited way.[1] 

In the constant voltage method, a constant voltage 

is applied across the unknown resistor. The resulting current 

is then measured using pico ammeters. The resistance can be 

calculated by using Ohms law R=V/I. The accuracy of 

measurement largely depends on the resolution of the pico 

ammeter.  

In the constant current method. One application of 

this method is in testing two terminal devices. 

In the constant current method, a constant current is 

forced through the test material and the voltage drop across 

the resistance is measured. The implementation of this 

relatively simple theory is quite challenging. It requires a 

voltmeter that has a series resistance at least 100 times the 

unknown resistance to reduce loading errors. Its is also seen 

that resistance value changes with voltage applied. This 

phenomenon is related to the voltage coefficient of the 

resistor. Thus in constant current method, it is not possible 

to determine the voltage coefficient value. 

The time delay method that is presented her is an 

extension of the leakage method. The leakage method along 

with the ballistic galvanometer is normally used in 

academics. This method in its traditional form is time taking 

and less accurate. 

In the proposed method a square wave generator is 

connected in series to the test resistance and a capacitor. The 

square wave charges the capacitor through the test resistor 

as a result and the voltage on the capacitor rises. The 

resulting voltage on the capacitor is monitored with a high 

impedance comparator. The output of the comparator goes 

high as the voltage on the capacitor crosses a fixed reference 

value. The time delay is recorded and the resistance 

calculated from RC time constant. 

This method has three key components for 

measurement a low leakage capacitor, low current 

comparator and a time delay counter. The commercially 

available components such as LMP7721 comparator have an 

input bias current of 6 femtoampere which is quite suitable 

for this kind of measurement. 

The time delay measurement is crucial and requires 

a high resolution. This type of resolution is possible with 

time to digital converters such as TDC-GP2 IC. It has a 

resolution of 45 picoseconds and a measurement range of 

2.5 microseconds in a double resolution mode. It also has 

quad resolution mode with 22 ps accuracy. The availability 

of such resolution makes it an attractive option.  

Low leakage capacitors are also available.BaTiO3 

based ceramic capacitor has a parallel resistance of more 

than 10G ohms. [2] 

II. CIRCUIT DESCRIPTION 

 
Fig. 1: Time Delay Circuit Schematic 

In the proposed method a hardware is designed to convert a 

high resistor value into a proportionate time delay. This 

circuit, as shown in fig. 1, consists of a DC power supply, 

two comparators, the RC circuit connected in parallel, a 

voltage divider circuit consisting of R1, R2 and R3 and a 

switch S. The comparators A and B are having ultra an 

ultra-low input bias current of about 6 femtoampere [6] (see 

datasheet LMP7721 comparator from Texas Instruments). 

The non-inverting input terminal of comparator A 

is kept at (2/3) V0 which is obtained from the voltage divider 

circuit. Similarly, the non-inverting input terminal of 

comparator B is kept at a potential (1/3) V0. The function of 

comparators A and B is to generate START and STOP 

function for the time to digital (TDC) to record the time 

delay between these two signals. 

The resistors R1, R2 and R3, which have the same 

value of 100K, for a voltage divider circuit. The voltage 

between R1 and R2 is (2/3) V0 and that between R2 and R3 

is (1/3)V0. Switch S when closed connects the voltage source 

to the parallel RC circuit and as a result, the capacitor C is 

charged to the potential V0. When switch S is opened, 

capacitor C starts to discharge through the unknown resistor 

R.[3] 
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The measurement process takes place when the 

charged capacitor is disconnected from the voltage source 

and the voltage across the capacitor starts to drop 

exponentially (see fig. 2). When the volt voltage on the 

capacitor crosses two third of V0, output of comparator A 

goes high which is the START signal for the TDC and the 

time delay measurement process is started. Similarly, the 

output of comparator B goes high when the capacitor is at 

one-third of the value V0, this generates the STOP signal 

and the time delay measurement is halted. The time delay 

between the START and STOP signal can be related to the 

time constant RC as follows 

V(t) = V0e
−t RC⁄    (1) 

Thus 

t = RC. ln (
V0

V(t)
)   (2) 

Now the time delay between v(t)=(2/3)V0 and 

v(t)=(1/3)V0 is given by 

Δt = t1 3⁄ − t2 3⁄ = RC. ln(2)  (3) 

The outputs of comparators A and B which 

generate the START and STOP signals respectively are 

connected to the START and STOP signal of the TDC-GP2 

evaluation kit. This TDC IC can measure the time delay and 

store this value in form of a digital number. [4] The 

resolution of the time measurement is 90ps, 45ps or 22ps 

depending on the mode of operation of this IC. The range of 

measurement is from 2.5 microseconds to 4 milliseconds.  

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.[5] 

TDC GP2 - evaluation kit is a complete ready to 

use hardware and software setup. More details can be seen 

from the ACAM website www.acam.de. 

This circuit in practice, also requires shielding and 

guarding for insulation and protection from electrostatic 

interference. 

 
Fig. 2: Timing diagram of START and STOP signals 

III. THEORY AND CALCULATIONS 

The of measurement theory given here is simple. In fig. 2 a 

timing diagram of START and STOP signals is shown. 

When switch S in fig.1 is open the voltage on capacitor C 

starts to decrease exponentially as shown in fig.2 with the 

blue line. At the time when the voltage on the capacitor 

decreases to two-thirds of V0 the START signal (green line 

in fig. 2) is generated and when it decreases further down to 

one-third of V0  the STOP signal (red line) is generated. The 

time delay t, between the START and STOP signal, is 

related to the unknown resistance with the formula:- 

R =
Δt

Cln(2)
   (4) 

Evidently, this value of R is not the value of 

unknown resistance, rather it contains the effect of leakage 

current of the capacitor and the leakage of the input bias 

current of the two comparators. Thus to minimize this error, 

resistor R is opened and the delay time is observed. If tL is 

the delay time then the effective leakage resistance RL of the 

circuit will be 

Rp =
ΔtP

Cln(2)
           (5) 

Applying the law for parallel resisters we get the 

test resistance RT as below 
1

RT
= C. ln(2) (

1

Δt
−

1

ΔtP
)       (6) 

This theoretical model has some limitations also. 

As it is evident that the input bias current iB does not vary 

exponentially and remains somewhat constant. This causes 

an unbalanced deviation between the START and the STOP 

signals as a result. This deviation error starts to dominate if 

the current i passing through the test resistor is comparable 

to iB. It can be shown that when iB is less than 1% of i, 

equation 6 hold good. 
The measurement range of this method can be 

calculated from the value of current iB which is 

approximately 10 femtoampere for the given comparator. 

Thus the limit of current I is 100iB. This determines the 

maximum value of the test resistor which is (R=V/i) 1012 

or 1 Tera Ohms. 

The accuracy of this measurement depends on 

many factors. The most important of them would be the 

resolution of the TDC, stability, and leakage of the 

capacitor, input bias current and voltage of the comparator 

etc. The theoretical resolution that can be achieved with a 45 

ps TDC can be estimated as from the formula 

ΔR = R (
δt

Δt
) 

Putting the value R=1012 t=45ps and t=2.5 the 

maximum error is less than 0.2 ppm (parts per million) 

IV. CONCLUSION 

A time delay based high resistance measurement method has 

been discussed. We find that the maximum possible 

resistance that can be measured using the available 

semiconductor technology is about one Tera Ohms. The 

maximum error induced due to the TDC is less than 2ppm. 

The significance of design is that it has been constructed 

from commercially available semiconductor components 

rather than any tailor made but expensive pieces of 

equipment.  
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