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COMMUNICATIONS

ONE WAY OF OUTPUT VOLTAGE HOLD CIRCUIT
IMPROVEMENT AT LOW RESISTANCE COMPARATOR
∗
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—

The article presents a way of improvement the important performances of an electronic low resistance comparator. The
practical usage of a realized instrument prototype shows some disadvantages: the time until the result appears at the display
is to long (the stationary state establishing sequence should be shorter) becase of the negative inﬂuence of parasitic voltages.
Modiﬁcation of output voltage hold circuit gives quite convenient instrument response time. The parasitic voltage disturbance
is decreased to acceptable value, even though the comparator is modiﬁed for multirange measurment. The paper describes
some details of a solution and its conformation in practical usage.
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1 INTRODUCTION

The authors designed and realized an electronic low
resistance comparator. That instrument uses the same
ampliﬁer to amplify both voltages: at the ends of referent resistor, and at the measuring one as well [1]. The
multiplexer is applied to separate those voltages at the
ampliﬁer input. The ampliﬁed output voltages are demultiplexed and lead to two A/D converter inputs (UR
to reﬀerent input and UX to measuring one). It could
be also an instrument with comparasion capability [2, 3].
Figure 1 shows the multiplexer and output voltages (UR
and UX at referent and measuring resistors RR and RX ,
respectively) [4].
The generated voltages are lead to appropriate capacitors of hold circuit and should be stabile during the
measuring periods. The instrument measuring cycle consists of 10 steps, Fig. 2. One step of measuring cycle
takes T = 20 ms, and equals to power network time period. The measuring cycle time is 0.2 s and ordering of
unique operation is shown in Fig. 2. Measuring current is
switched oﬀ in ﬁrst 4 steps (80 ms), and on in following 6
steps ( 120 ms), [4]. The duration of both input voltages
is 40 ms each, and than the pause of 160 ms is beginning.
In that time periods the voltages have to be conducted
to the outputs as fast as possible with minimal errors.
It means that the capacitor discharging current has to
be too small. Technical data ﬁr IC LTC1050 guaranties
polarizations (bias) current about 10 pA. But, the imperfect analog switches and the current leak on the printed
circuit board can increase that current many times [5].
To reach the declared (wanted) measuring precision,
the output voltages have to be established with errors

of about 1 ppm. Assuming the exponential voltage growing at the capacitors, there is a need of 15 relative time
constants to reach the stabile stationary state (rampup time). In our case, with component values of: R =
180 kΩ , and C = 1 µF, the time constant is T = 0.18 s.
The capacitor charge takes 2 of 10 measuring steps and
the process is 5 times slower and the eﬀective time constant is about 1 s. It implies the stationary state achievement time of 15 seconds. It is too long and has to be
shorted.
The power network AC parasitic voltage (50 Hz) makes
also the problems by measuring. In the time intervals
while the analog switches are on, part of this voltage is
carried to the capacitors and caused the waves on output
voltage. In the original circuit (Fig. 1) that voltage can
produce a DC component provoking a systematic measuring error. The charge injection eﬀect makes the instrument performances worse [6]. The proposed improvement
of previous circuit reduces the current leak to acceptable
level.

2 PROPOSED SOLUTION FOR IMPROVEMENT
OF OUTPUT VOLTAGE HOLD CIRCUIT

The redesign of output voltage hold circuit is done, to
overcome the described problems and to make the instrument performances better. The functional principles of
the new hold circuit are illustrated and can be explained
using Fig. 3.
The integrated circuit IC1, resistor R1 and capacitor
C1 make the ﬁrst integrator. The IC2 is copper stabilized
circuit with very small oﬀset voltage (about 1 µV) and
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input voltage at capacitor C1 reaches value of
UInt1 = −

1
C1
R1

∫

2T (

)
UIN − Uoﬀset2 dt

0

=−

)
2T (
C1 UIN − Uoﬀset2
R1

(1)

where T is integration period, one step ( T = 20 ms).
When integration completes the input switch becomes oﬀ
and input one, on. Now the second operational ampliﬁer
(OP) runs as an integrator and raises its voltage until the
output voltage of ﬁrst integrator becomes equal to the
input oﬀset voltage of second OP, Uoﬀset2 . At that point
the second integrator output voltage equals −UOut1 .
Fig. 1. The output demultiplexer and voltage hold circuits

UOut1 = −UInt1 + Uoﬀset2 .

(2)

Expressions (1) and (2) give the next relations
)
2T (
UIN − Uoﬀset2 +Uoﬀset2 ,
R1 C1
(
2T
2T )
=
UIN + 1 −
Uoﬀset2 .
R1 C1
R1 C1

UOut1 =

(3)

UOut1

(4)

Choosing the resistor and capacitor values so to satisfy equitation R1 C1 = 2T , the last expression becomes
simply
UOut1 = UIN .
(5)
Fig. 2. The measuring cycle timing diagram

Fig. 3. The new output voltage hold circuit

also small polarization (bias) current (about 10 pA). Together with resistor R2 and capacitor C2 it builds the
second (output) integrator, which makes a feedback. Its
input voltage oﬀset is not critical, but for slower capacitor C2 discharging, it is necessary its polarization current to be small (below 100 pA). The ampliﬁed measuring
voltage UIN that is originated on resistors (RR or RX ),
without parasitic voltage components, is lead to the input of that circuit. The circuit operates on the following
way. Assume that all of capacitors are discharged before
instrument switched on; initial state. At the start, in ﬁrst
measuring interval, the output voltage equals to the IC2
oﬀset voltage, UOﬀset2 . The integration takes two controller steps ( 2T = 40 ms). After integration time the

It means that the output voltage reaches the true
value, already after the end of the ﬁrst measuring cycle
(200 ms) and it is independent of output ampliﬁer (IC2)
oﬀset voltage. Because T = 20 ms, the time constant
should be R1 C1 = 40 ms ( R1 = 20 kΩ , and C1 = 2 µF,
for example). The small diﬀerence of values above does
not make the instrument ramp-up time signiﬁcant longer.
But, if the standard components values are in a question,
the additional adjustment (tuning) is needed.
If the time constant is not exactly equal to 40 ms, after the ﬁrst measuring cycle remains some diﬀerence between those two voltages UIN UOut1 (10% for example).
In the next measuring cycle that voltage (diﬀerence) is
integrated and added to previous voltage, and the new
diﬀerence should be now about 1%. The diﬀerence is decreasing in next cycles, and the output voltage becomes
successive better. On that way the diﬀerence between input and output voltage of 1 ppm could be reached after
6 measuring cycles, 1.2 s ( 6 × 0.2 s = 1.2 s). It is necessary to emphasize that the input oﬀset voltage of second
OP das not inﬂuence on the measuring error. Because the
output voltage accuracy is deﬁned by ﬁrst OP oﬀset voltage, this oﬀset voltage has to be as small as possible. In
realized comparator as ﬁrst OP LTC1050 (Liner Technology) IC is used with oﬀset voltage of about 1 µV. By the
maximal output voltage of 5 V, in the stationary state
the error is about 0.2 ppm.
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available at the moment. The next experiment will be
done with some of them.

4 CONCLUSIONS

Fig. 4. The diagram of stationary state establishment simulation

3 VALIDATION OF PROPOSED METHOD

Having above in mind, one simulation was done (Fig. 4),
because it was not being possible to scope the real process by available ordinary instruments. The voltage transition from 4 to 0 Volts was simulated and the result, as
a diagram is presented in Fig. 4. The instrument is build
of next values of components: R1 = 20 kΩ? C1 = 2 µF
R2 = 3.3 kΩ, C2 = 1 µF , but for better presentation
of stationary state achievement in simulation, for resistance R1 10% greater value is taken (R1 = 22 kΩ ?and
R1 C1 = 0.044 instead of 0.040 s). The simulation includes a parasitic AC voltage of 5 mV and 50 Hz, as well.
Figure 4 shows the tenth second of measuring cycle, when
the input voltage drops from 4 V to zero.
The red thin line (Voltage 1) is IC1 output, and the
black bold line (Voltage 2) is the end output voltage.
Voltage 2 is presented in logarithmic scale to be easily
noticeable. But, to show it as a positive logarithmic function it was necessary to add an oﬀset of 5 µV, as it could
be seen.
The controller clock is synchronized with power network frequency and the integration takes integer number
of periods (two of them) and means values of voltage and
its harmonics, as a consequence of network current, equals
zero. In real case those signals are so small and could not
be seen and recorded by ordinary scope. The simulation
results conﬁrm assumption, as it was expected.
But, instrument function in practice shows the diﬀerent results. It takes 3 s to reach 30 ppm diﬀerence of ﬁnal
voltage. After that time, it needs about 15 s for 15 ppm
diﬀerence, more than 30 s for 3 ppm and 60 seconds for
diﬀerence of 1 ppm (experimentally results). The establishment of stationary state on digital display is now in
question. The output hold circuit, annulations circuit and
A/D converter must be consider as well [7].
The slow stationary state achievement (inside area of
10 ppm) probably is caused by imperfection of dielectric
in memory capacitors as a consequence of absorption. Paper, polyester and similar capacitors have signiﬁcant absorption coeﬃcient and it slows the establishing process.
The polypropylene capacitors are the best [8], but not

There are several instruments that use similar measurement method to one presented in the paper (HP
3458 System Multimeter, Keithley 81/2-digit Model 2002
High Performance Digital Multimeters [3]), [9]. However,
the measurement scale of those instruments is signiﬁcantly less than above proposed. Mentioned instrumentation method is usually used in the Laboratories where
high precision of metal resistances is required and is necessary for determining its elementary characteristics [10].
Very high accuracy in resistance comparison and measurement is achieved ( 0.08 ppm for 1 000 independent
measurement attempts and 0.26 ppm for 100 attempts)
[4]. The realized instrument is working as a prototype in
a laboratory at Copper Instuitute in Bor at this moment.
There is an intention of integrating it into standard operative laboratory equipment for a new materials resistance
and conductivity measerment. All experiments were performed at the Department of Electrical Measuring of the
Faculty of Technical Sciences in Novi Sad and the oﬃcial
institution in Belgrade conﬁrms the results.
Acknowledgment
This paper is supported by the Grant of the Ministry
of Science of Republic of Serbia, as a part of a project
TR33037 within the framework of Energetic eﬃciency
development program.

References
[1] RADETIC, R. : Low Resistance Electronic Comparator, PhD
thesis, University of Novi Sad, Faculty of Technical Sciences,
Novi Sad, Serbia, 2009.
[2] Wavetek Corporation. Wawetek, Model 1281/1271 Data Sheet,
1997.
[3] Keithley Instruments Inc. 8?-digit Digital Multimeters Data
Sheet, 2002.
[4] RADETIC, R. M.—MILIVOJEVIC, D. R. : Chopper Stabilized
Low Resistance Comparator, Sensors 9 No. 4 (2009), 2491–2497.
[5] RADETIC, R. M.—MILIVOJEVIC, D. R.—DESPOTOVIC, V.
M. : Optimization of Measuring Current for Chopper Low Resistance Comparator, Measurement Science Review.
[6] NORTON, H. N. : Handbook of Transducers, Prentice Hall,
Inc., Englewood Cliﬀs, 1998.
[7] BARNEY, G. C. : Intelligent instrumentation, Prentice Hall
International, Great Britain, 1988.
[8] Understanding Dielectric Absorption (105), SENDCORE, 3200
Sencore Drive, Sioux Falls, South Dakota 57107,
www.sencore.com.
[9] KIBLE, B. P.—LEGG, D. J. : A generalized Wheatstone bridge
for comparing 1- Ω resistors, IEEE Trans. Instrum. Meas 34
(1985), 282–284.
[10] VITOROV, V. V.—KHARAPOV, F. I. Processing the Result
of a Check of Measuring Instruments Using Stable Methods of
Parameter Estimation Lincoln : Measurement Techniques 51
No. 4 (2008).

Journal of ELECTRICAL ENGINEERING 63, NO. 4, 2012

Received 14 January 2011
Radijle Radetić has earned a BSc in Electrical Engineering from University of Novi Sad, Serbia. The MSc from the
University of Belgrade, School of Electrical Engineering, and
a PhD from the Technical University of Novi Sad. He worked
a couple of years at Novi Sad University, more than ten years
at Copper Institute Bor, and now is in Serbian Transmission
System as a head of Exploitations department. Metrology is
his current research interests. He has authored many books
of theoretical and applied industrial electronics and metrology and authored and coauthored over 40 scientific articles
(journal and conference papers).
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