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ABSTRACT

In this paper, we present a report orvexy simple microprocessor (LP) -based dedicatsttument

which is designed for the measurement of the ib@st and input offset currents. The overall systiesign consists
of both hardware and software designs. The desigmeticonstructed system is used in obtaining vepuate

values of input bias and input offset currents be 1P control-display panel, one after the othehew the

operational amplifier (OP- AMP) under test is contesl across the test terminals. The input bias iapdt offset
currents of an OP-AMP depend not only on the anthi@mperature but also on the input impedance.

Key words: Microprocessor 8088, Programmable Interface Ada@tealogue-to-Digital Converter, Input Offset
Current, Input Bias Current, OP-AMP, Signal Coratigr, High Accuracy, Assembly Language Programming.

INTRODUCTION

With advances in solid state technology, op-ampge Haecome highly reliable, miniaturized and comsigy

predictable in performance. They are designed tudleaanalogue signals which carry information inme of

amplitude and wave shape. For designing 'a ciawitaining an op-amp, it is necessary to have nf@rmation

regarding its parameters. However, the facilityrfaasuring the parameters of linear op-amp (forAD@lysis) in a
single instrument is not available indigenously.this paper, an attempt has been made to detetwimef the

important parameters, i.e., input bias and offsetents respectively of an op-amp using micropreoegechniques
[1, 4]. Although these currents are quite smalk, éwen little deviation from zero results in widariation in the
output voltage. A little mismatch between the inptetges of an op-amp causes unequal bias curtenisid into

two inputs and it results in the input off-set emntrnot being zero. This is contrary to the basguaption in circuit
analysis.

1. BASIC INTERNAL STRUCTURE AND PROPERTIES OF AN OP-AM P
An OP-AMP is a DC amplifier having a high gain, the order of 1®to 1F. Such an amplifier can perform
summing, integration, differentiation, or act asnparator with suitable feedback networks.

The block diagram of an OP-AMP, shown in Figurednsists of a four-stage direct-coupled amplifiecascade.
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Fig. 1: Block Diagram of an OP-AMP

Overall gain (or overall amplification) = My X M nt X Mo (very high).
The first input stage is a double-ended high-gafferntial amplifier. The intermediate stage isiagle-ended
differential amplifier. The third stage is a lew#lifter which is used as an emitter follower citcui

The final stage is a push-pull complementary angslifwith low output impedance and minimum offsettage
and currents the power gain ranges from 5 to 2thisroutput stage.

An ideal OP-AMP exhibits the following electricdtaracteristics [5]:
1) Infinite voltage gain. That is, A= .

2) Infinite input resistance. That is Roo.

3) Zero output resistance. That isR0.

4) Zero output voltage when input voltage is zero.

5) Infinite bandwidth.

6) Infinite common-mode rejection ratio (CMRR). Ti®CMRR =co.
7) Infinite slew rate.

The measured parameters of an OP-AMP in our relseard study are the input bias current and thetinffaet
current.

The input offset current;f}) is the algebraic difference between the curréms flow into the inverting and non-
inverting terminals of an OP-AMP. And, the inpuaibicurrent () is the average of the currents that flow into the
inverting and non-inverting terminals of an OP-ANG}.

MATERIALS AND METHODS

The basic principle of the measuring system repdnre incorporates generation of a voltage sigoaksponding
to the input bias and input off-set currents ofGI+AMP respectively. This signal is fed to the hRotigh various
interfacing circuits. After suitable programmingtbé pP, we can measure and display very accushies/of these
currents.

The continuous (dedicated) subroutines for inpgttilata, processing data, calibrating, reading asplaying the
measured data are written in 8088 assembly progmaghtanguage. These error-free subroutines or fonstare
then “burnt” into EPROM sub-unit of the 8088 comjpoocessor unit by using an assembler/EPROM prograr

kit. The two input channels (one far bBnd the other foril) are enclosed in a constant-temperature enclosure
because ambient temperatures affect their outputs.

The input impedance of the OP-AMP can be variedubing an electronic linear potentiometer. Thus, ittt
impedance (R) for I, and/or j,scan be set before measurements.

When the 2:1 analogue multiplexer is switched tsitpmn chl, then channel 1 is chosen for measugirdyhen the
2:1 analogue multiplexer is switched to positio,ctinen channel 2 is chosen for measurjndtishould be noted
that as long as the system is on and the dedipatgptam is running, both,land |,s can be measured at any instant
for any given R and ambient temperature.

1855
Pelagia Research Library



O. E. Ehinlafa et al Adv. Appl. Sci. Res., 2012, 3(3): 1854-1860

For any set ofy and |,sreadings taken, both upper and lower limits of ang reading can be taken also by using
the UL and LL switches on the control- display dane

2. SYSTEM DEVELOPMENT
Basically, every dedicated instrument involves leng and software parts. The design of each of fkgresented
as follows.

The hardware involves the designs of circuits,yelldve, buffer amplifier, input bias current)(land off-set current
(lies) Mmeasuring units. The software consists of ini&tlon, service, calculation, and display submesi Use of
software in assembly language displays the exdoewaf the measured parameter on the pP displaglpan

The instrument is software-controlled in such a Wet it enables easier modification and allowslenpentation of
complex control functions like selection and sagytof operational amplifiers.

POINT 7: + 12 VOLTS UL: UPPER LIMIT
POINT 4: - 12 VOLTS LL: LOWER LIMT
Fig. 2: The Complete Circuit. Fig. 3: Generalised FloBhart For Measuring The

Input Current Parameters Of The OP-AMP.
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4.1 HARDWARE DESIGN

Figure 2 shows the hardware adopted. The outpogkigroportional to the parameter being measdreth I, and
li,s Measuring units, is fed to the microprocessor 8088ugh a buffer amplifier circuit and analoguesigital

converter (ADC-0809). It consists of designing mfut bias current and offset current measuringsuanitd buffer
circuits [2, 3, 4].

The system, being designed, constructed and telgsdfwo auto-current sensors, two signal conditi®nand
analogue multiplexer, an analogue—to- digital cotereand a control-display panel. The displayigital and has a
good resolution, and its readings are in nA.

(i) Input Bias Current Measuring Circuit:

The unit designed for measuring input bias curvemth can be designed as the average of two injpstdurrents
Ip(-) and |(+) at both inputs inverting and non-inverting témals of an OP-AMP. Relations used fgate:

Gain of the given circuit = #R; =100k/100 =1000;

lb=l1+ 1, 1)
I;=0and} =V, (bias)/R.

Therefore,
Iy = I, = Vy(bias)/R, = 0.056V/100k = 560 nA.
As it can be clearly seen, Varies from 100 nA to 1 pA [5].

(i) Input Off-Set Current Measuring Unit:
Input off-set current is an indicator of degreensismatching between two bias currents and is a uneasf
matching of input-stage transistor pair. It is enperature-sensitive specification of an OP-AMP ahdnges with
time. The mathematical relations involved are:

lios= lp (+) - I (-); (2
Gain of OP-AMP = 1.

Ip (+) = Vo/R; = 125 V/1.656 M = 75.48 nA, when Sl is open.
Ip (-) = -Vo/R, =31.2 mV/1.656 M = 18.84 nA, when S2 is open.
lios= 75.48 — 18.84 = 56.64 nA.

lios Varies from 30 nA to 200 nA, from our research ar@hsurements.

4.2 SOFTWARE DESIGN

In the software design firstly, the system is alitied. After delay, the A/D card is read and siidre memory M.
This memory is compared with upper limit and lowsnit under different conditions; either Over RangeUnder
Range is displayed, otherwise, the exact valudefparameter is displayed on uP output panel, whtulation
subroutine is called.

The assembly language program has the followingutesdvhich are coded in the 8088 assembly language:

1. INIT: This subroutine initializes the system.

2. INDATA: This function input the input data signaididentifies the channel number.

3. PROCESSDATA: This subroutine processes and catibriiie data signal.

4. UPPERLIMIT: This function is used to determine tigper limit (+) of the averaged instantaneous regdij, or
Iios)-

5. LOWERLIMIT: This procedure is employed in the detémation of the lower limit (-) of the average
instantaneous reading.

6. DISPLAY: This subroutine is meant for displayingethpper limit value, lower limit value and the eaged
instantaneous value of the, @r s reading.

These subroutines are sequentially called at theogpiate times into the main action block of thaning software.
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4.3TESTING AND MEASUREMENTS
Operational amplifier LM380 is a 14-pin integratetcuit (IC) which is used for testing the designadd
constructed measurement system. Pins 2 and 6ar®thinverting and inverting pins of LM380.

In order to measure the values gfand |,s for LM380 at any room temperature (which is meadwith mercury-in
—glass thermometer (0 to £00)), we carry out the following:

1. Insert securely the LM 380 OP-AMP in its sockekjng note of the pin- out configurations.

2. Power up all sections of the measurement system.

3. Set the switches in the correct positions, and shabannel 1 or 2.

4. Take the readings of upper limit value, averageieand lower limit of the instantaneoys(thannel 1) ords
(channel 2).

5. The input resistance fRwas varied from 1 1% to 10 MQ.

6. Thus, for each value ofiRfrom 1 MQ to 10 MQ), the corresponding values of upper limit, averagd lower
limit of 1, and |,s were noted and recorded.

7. Given some set of valueg &nd |,s as the corresponding theoretical values [5], thecgntage deviations and
percentage errors, could be calculated as follows:

(Theoretichvalue— Measuredaveragersalue
Theoretichvalue

% error ==+

x100% (3)

(Upperlimit — Lowerlimiit)
Averagevalue

% deviation=+ 05

x100% 4)

Table 1 displays the various values gf &d the corresponding values gfand |,s measured for LM 380 using the
system.

Table 1: Table of measurements and results obtainddr LM 380 using the constructed measurement syste

R /O Iib(nA) lios (nA)

" UL AVE LL UL AVE LL
1MO0 | 100.02| 100.00 99.99 55.08 55.00 54.97
2M0O | 150.0: | 150.0C | 149.9¢ | 85.0z 85.0( 84.9¢
3MO | 205.02] 205.00f 204.98 110.01 110.00 109.99
5MO | 275.03] 275.00f 2749y 160.02 160.00 159.98
6MO0 | 320.01| 320.00 319.99 190.03 190.00 189.97

3] 1
v 3

8MO | 390.02| 390.00] 389.9 245.( 245.00 24499
10MO | 475.03| 475.00] 474.9 305. 305/00 304.97

Ambient temperatur@, = 25°C +0.5°C
UL = upper limit value
AVE = averaged instantaneous value
LL = lower limit value.

Table 2 gives an analysis of the measurement datble 1. Percentage errors and percentage dmsdbr |, and
lios fOr various R, values were computed.

The percentage errors in the measurement ahtl |,s were computed by using the following two formulae:

(I, Theoretichvalue—I,, Measuredaveragevalue)

% error (1,,)==% i
Theoreticavaluel

x 100% (5)

(I;,s Theoreticavalue- 1, Measuredaveragevalue)
Theoreticavaluel

% error (l,,;) =% x100%  (6)
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Table 2: Table of percentage errors and percentaggeviations for LM 380 OP-AMP’s |, and lips
measurements under different R, values.

lio (NA) % % devi-ation lios (NA) % % devi-ation

SIN | R/Q Avera-ge Th_eo- error (lip) Avera-ge Theor-etical error (lios)

retical (li) > (lios) o

value value A + % value value + 0 + %
1 1M 100.0 100.5 0.50 0.020 55.0 55.5 0.90 0.055
2 2M 150.0 150.2 0.13 0.007 85.0 86.0 1.20 0.024
3 3M 205.0 206.0 0.49 0.010 110.0 112.0 1.80 0.009
4 5M 275.0 277.0 0.72 0.011 160.0 161.0 0.2 0.013
5 6M 320.0 322.0 0.62 0.003 190.0 192.0 1.04 0.016
6 8M 390.0 393.0 0.76 0.005 245.0 246.0 0.41 0.004
7 10M 475.0 476.0 0.21 0.006 305.0 307.0 0.65 0.010

On the other hand, the percentage deviations inmbasurements of the OP-AMP’s current parameterg we
computed by using the following formulas:

(Upperlimit I, —Lowerlimit I ;)
Averagevaluel

% deviation(l,,) =+ 05 x100% @)

(Upperlimit I, —Lowerlimit I..)

% deviation(l ) = 05
Averagevaluel

10s

x100% (8)

CONCLUSION

This dedicated instrument is very fast in operatod gives the exact values gfand |,s of an OP-AMP, one after
the other. Both these parameters are temperatonsgige specifications of an OP-AMP. Input off-sefrrent value
is always smaller than that of input bias currénbumber of OP-AMPs of same design have differeti@s of the
above parameters. Several OP-AMPs have been tastethis measuring system yields satisfactory teshfforts
are being directed towards designing circuits thatild measure other parameters of linear integretedits using
similar techniques. It is observed that for LM 38B-AMP, at 25°C:

1.Whilst the input resistance varies from 1OMo 10 MY, I, varies from 100 nA to 475 nA, angglvaries
correspondingly from 55 nA to 305 nA

2.For any value of R, lis correspondingly greater thag |

For example, at R= 10 MQ, I;, = 475 nA which is greater than the value;gfof 305 nA.

3.The highest percentage error (Table 2) of £ 0.46qy# in the measurement gfdccurs at R= 8 MQ.

4.0n the other hand, the maximum percentage errabl¢Ta) of + 1.80 percent in the measurement;gfid
obtained when R= 3 MQ.

In conclusion, therefore, it can be said that thesighed and constructed dedicated instrument, wigch
recommended for adoption, possesses the stimuleliaacteristics of high reliability, high accurdce., very low
percentage error), high resolution and high stgtfiie., extremely low percentage deviation).
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