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INTRODUCTION

easurement generally involves using an instrument as a
Mphysical means of determining a quantity or variable,
Microprocessor based systems are suitable for dedicated applica-
tions in industries, instrumentation etc. and being very small and
compact can form the part of the equipment to be controlled. All
resistances of the order of 1 ohm and under may be classified as
low resistances. It is usually essential, with low resistances, that
the two points between which the resistance is to be measured shall
be very precisely defined. Thus the methods which are specially
adopted to low resistance measurement employ potential connec-
tions, i.e. connecting leads which form no part of the circuit whose
resistance is to be measured. These two points are spoken of as
the potential terminals, and serve to fix a definite length of the
circuit under test. The potentiometer methods and bridge methods
which are applicable for the measurement of low resistances may
have the highest accuracy, but since they are null methods, two
or more ratios are brought to equality and the measurement has
to be done with accurately known standards. The four-probe
method which has been employed in this paper avoids the forego-
ing requirements.

As one of the versatile instruments in both laboratory as well
as in industry, an attempt has been made to facilitate fast and ac-
curate measurement of low resistances of highly conducting media.
The resistance value of the sample is displayed digitally by means
of a microprocessor(8085). The scheme employs 4 terminal method
to eliminate lead and contact resistance effects, while making the
measurement. Further, due to application of current interrupt
technique, overheating of the specimen under test is prevented.
Continuous passage of current in such media may result in heating
and introduce temperature effects. The floating potential across
the potential terminals (V+ and. V-) which is corresponding to the
resistance, which is to be measured is read by a microprocessor
and the resistance value is given as direct read-out by it.

The measurement set-up developed here can be used as a stan-
dard one for measuring resistances from Iy.n.to 1K.a. . It can be
used to measure resistance of various wires, windings, coils, con-
tact resistance of connectors, switches, relays etc. The eafiness of
operation and convenient digital display makes it especially suitable
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for repetitive type of operations resulting in time savings of pro-
duction lines, laboratories and incoming inspection departments.

The overall accuracy of the unit is within 1.1%. The accuracy
of the instrument set-up can be improved with the help of proper
earthing, compact arrangements of components using thick leads
and by making use of proper ‘‘four probes’’. In view of these ac-
curacies and inbuilt facilities in this unit, it can be used with much
advantage in different types of measurements. All these
measurements can be made with the help of a band switch
arrangement.

Technical Specifications:

: 100y -

: 100 moo

100 o
Ik o

Range
Selected by band switch

: lunin 100p.n.range
: Imain 100m _nrange

Resolution

: lain 100 _n_range
: 10_nin lk_n_range

Method of :
measurement: 4 probe method

Test current : lA (in 100u_n_range)
: 100mA (in 100m 1 range)
: ImA (in 100.n& lk_n_range)

Principle of operation

The basic procedure for measuring the unknown resistance of a
sample is to find out the ratio of voltage (V) across the sample
to the current(I) passed through the same. The same procedure
is adopted for measuring the very low resistances which is described
here.

In this paper, the method used is linear four-point probe method
which consists of placing four probes that make contact along a
line on the surface of the material. Current is passed through the
outer pair of probes and the floating potential is measured across
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the inner pair. The method described here overcomes the difficulties
of lead and contact resistances and also offers several other
advantages.

The measurement set-up is described in the block schematic
of Fig.l1. The first block labelled as current pulse generator,
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Fig.1: Block diagram of low resistance measurement set-up

produces free running current pulses which are having the “‘on”
period of 1 sec. and ‘*off”’ period of 9 sec. During ‘‘on’’ periods.
only a current will flow through the sample under test i.e. the cur-
rent is interrupted after 1 sec. and is again made to flow only after
9 secs. The current is entering at I+ and leaves at [—. In between,
across V+ and V- the floating potential is measured.

The blocks named as preamplifier and signal conditioner are used
to amplify the floating potential across V+ and V- which will be
equal to the product of the current passed through the sample and
the resistance which is to be measured. The output of the signal
conditioner is connected to the input of an 8 bit Analog to Digital
converter (A/D).

The A/D converter used here will give 8 bit of digital informa-
tion. This output is given to one of the ports of a peripheral inter-
face accessory (8255). The control signals for starting and ending
the A/D conversion is given through the microprocessor itself.

The microprocessor kit used here is SDA-UNI-01 which is a
universal microprocessor/trainer prototyping system with per-
sonality cards for different processors. The basic system is designed
as an 8085 system with a keyboard (28 keys), eight digit display
(four for address and four for data), ROM (upto 16k), RAM (up-
to 16k), 48 programmable 1/0 lines, three 16- bit counter-timers,
a USART based serial 1/0 link, cassette recorder interface, EPROM
programmer for standard EPROM’s like 2716, 2732, 2732A, 2764
27128 and 27256 and bus buffers for interfacing to the 64 pin
euroconnector interconnection bus.

The system components are mounted on a double sided glass
epoxy PCB, which is solder-masked and screen printed. The
keyboard consisting of 28 keys provides access to the system
monitor enabling program entry, verification, execution and
debugging. The definition of the keys is dependent on the processor
in use.

Circuit description

Fig.2 gives a detailed schematic circuit diagram of the low resistance
measurement setup developed here. ICI (NE 555) is connected in
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Fig.2: Schematic diagram of microprocessor based low resistance
measurement set-up using four probe method

Components list

ICI - 555

IC2 - IC6; IC8 - ICY - OP - O7
IC7 - 8702

ICIO0 - pA 741

TRI1 - SL 100

TR2 - TIP31

T1-T6 - Trim Pot - 20k ohms
Z1 - Zener diode (6.2V)

R3 - 4k ohms

R4 - 300 ohms

R8,R9,R12, R15-R18, R21-R24, R28 & R3l - 1k ohms
R10, R11 & R32 = 10k ohms
R14,R20,R25,R30 = 100k ohms

R26 = 100 ohms
R33 = 2.4k ohms
R34 = 3.3k ohms
C3-C6 = 0.luF

C7 = 87PF

C8 = 220 PF
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a stable mode of operation and produces square pulses with 1 sec.
‘on’ time and 9 sec. ‘off” time. The pulse generated by IC1 is converted
as current pulse by means of a current generator which consists of a
darlington pair (TR1 & TR2) and two operational amplifiers (IC8 &
IC9), capable of producing the various current outputs, ranging
from ImA to 1A. By including the resistances RS, R6 in the collector
| circuit of TR2 1A and 100 mA can be generated respectively. TR2
is an NPN silicon power transistor which can.be used for power
amplification and high speed switching applications. Since it re-
quires a minimum base bias current of 30 mA, Tl is added as driver
transistor. To draw 1 mA current, the darlington pair cannot be
used. Instead, IC8 and IC9 serve the purpose. IC8 acts as a voltage
to current converter. The 1mA current is obtained such that

Output from IC1 in volts/Rg ohms = 1mA

By measuring the output voltage of ICl, Rg is fixed.

Only during ‘on’ time of the current pulse, the current will flow
through the sample under test and the potential drop across the
voltage terminals (V+ & V-) is sensed which is the product of the
current flowing through the sample and the value of resistance of
the sample.

The various current ranges are selected by means of a band
switch(S2). The floating potential is sensed and amplified by the
signal conditioner which consists of five amplifier stages (IC2-1C6).
IC2 and IC6 are differential amplifiers and are having a gain of
10 and unity respectively. IC3 is having a gain of 10 and 1C4 is
used as an inverter. IC6 is having a gain of 100. The maximum in-
put to the A/D converter is 1V. The analog input to the A/D con-
verter from the signal conditioner is given through the band
switch(S2), which is a 4-pole-4-ways switch. At the first position,
1A will pass through the sample and the output of IC6 (with the
overall gain of 104) will be connected as A/D converter input. In
the 2nd position, 100mA will pass through the sample and the out-
put of IC6 (gain = 102) is connected to the A/D converter input.
At the 3rd position, ImA will pass through the sample and the out-
put of IC2 (gain = 101!) is connected to the A/D converter input.
At the 4th position ImA will flow through the sample and the out-
put of IC6 (gain = 109) is connected to the A/D converter input.

The differential inputs of IC6 are connected to V+ and V-
through the switch S1, i.e. only for 1 k.n_range selection SI should
be closed such that V +and V- are connected to the inputs of IC6.
For the other three ranges, the switch should be opened. The max-
imum input given to the A/D converter is limited to 1V.

In the A/D converter (IC7) used here, conversion is performed
by an incremental charge balancing technique, which has inherently
high accuracy, linearity and noise immunity. An amplifier integrates
the sum of the unknown analog current and pulses of a reference
current, and the number of pulses (charge increments) needed to
maintain the amplifier summing junction near zero is counted. At
| the end of conversion, the total count is latched into the digital
} output as an eight bit binary word.

With reference to the timing diagram (Fig. 3), applying a logic
‘I’ to the initiate conversion pin initiates the A/D conversion cycle.
Once conversion has been initiated, the cycle cannot be
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Fig.3: Timing diagrams (rise, fall imes = 200 ns typ., C; = 50,F)

interrupted and the initiate conversion pin is disabled until con-
version is complete. Two modes of opertation are permitted, clocked
or free-running. For clocked operation, the initiate conversion in-
put is held at logic ‘0’ for standby and taken to logic ‘I’ when
a conversion is desired. For free-running operation, the initiate con-
version pin is connected to Vpp or similar permanent logic ‘I’
voltage.

A logic ‘I’ output on the Busy pin indicates that a conversion
cycle is in process. A logic ‘I’ to logic ‘0’ transition indicates that
conversion is complete and the result has been latched at the Digits
out pins. A logic ‘0’ to logic ‘I’transition indicates that a new con-
version cycle has been initiated. If the device is operating in the
free-running mode, the Busy output will remain low for approx-
imately 2.5us, marking the completion and inijtiation of consecutive
conversion cycle.

A logic ‘I’ output at the Data valid pin indicates that the Digits
out pins are latched with the result of the last conversion cycle. The
Data valid output goes to logic ‘0’ approximately 5u s before the
completion of conversion cycle. During this 5u s interval, new data
is being transferred to the Digits out pins, and the Digits out are
not valid.

Obtaining a high accuracy conversion system depends on the
voltage regulation of Vggr and the thermal stability of R;, and
RRrEgF- A negative reference voltage must be supplied. This may be
obtained from a constant current source circuit or from the negative
supply. Here the reference voltage given is — 2V.

The values of Ry (R25) and Rggr (R29) are chosen as follows:

RIN VIN Full Scale/l(h A= l/l(»] A = 100 k ohms

Rrer = VRer/ — 20u A = —2/— 20u A= 100 k ohms

The Digital output from the A/D converter is given to the
ports of 8255 of the microprocessor kit. The port connections
of 8255 have been indicated clearly in the schematic diagram
itself.

Analog to digital conversion has been done as per the following
steps.
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(i) Set initiate conversion pin to 1 state
(ii) Wait for the Busy pin to reach 1 to 0 transition
(iii) Read the data through 8255
(iv) Repeat for 8 times
(v) Store 8 datas in consecutive memory locations from

X to X+7
. . INITIALISE 8285 PORTS PORT A
The eight binary datas at locations X to X+7 are added. The & PORT B~ IN PORT C LOWER -
result will be a 16 bit result and is stored at the locations Y and Y+1. OUT, PORT C UPPER- IN

START A COUNTER VALUE § 8

SET INITIATE CONVERSION j

INITIATE 828S-CLEAR MEMORY |
LOCATIONS ;tgi:m,vn AND CHECK THE BUSY PIN
L

WAIT FOR THE CURRENT PULSE

SET OUTPUT ENABLE

i

READ BINARY DATA STORE
THE RESULY AT X

l CALL ADC CONVERSION

CALL ADDITION OF 8 BINARY
NUMBERS STARTED AT X TOX 47 CHECK THE COUNTER VALVE
STORE THE RESULT IN Y AND Y41

[CATL DIVIGE BY 6 DIVIOENT STOR
AT Y AND Y +1 STORE THE RESULT
IN Z ANDZ 41 »

EALL BINARY TO BCD CONVERSION
BINARY DATA IS INZ AND Z 41

d

jmuLnipLy 8CD vALUE BY 3.92 ]

DISPLAY THE RESULT IN THE Fig.5: Analog to digital conversion
DDRESS FIELD

PEAT THE PROCESS

NO

The 16 bit result at the locations Y and Y + 1 is divided by 8
and the result will be an eight bit result. This is a binary data and
is to be converted into decimal data. This decimal value should
be multiplied by 3.92 because maximum ouput from ADC is
255-decimal (or FF in Hex). As far as the analog input to ADC
is concerned, analog signal is 1V. Hence 1V should measure
1000(Result is displayed in Address field), 255 should correspond
Fig.4: Flowchart of the entire operation to 1000.
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TABLE-I : Comparison of meters

Reading in
Actual Reading in theu p % of
Sample value a commercial based low error
L meter resistance
measurement
set-up
Resistance of 1045 uy_n_ 10.53u _n_ 10.359u A 1.62
copper rod
Resistance of -- 100.10u_n- 98.67u N 1.4
titanium sheet
Contact resistance 20.00 m.n 2545 m_n 25.20 mn- 0.98
of PUSH button initially
Contact resistance of - 11.20 mn— 11.0m.n_ 1.78
the 15A, ANCHOR
switch
Contact resistance of -- 4.664 m_n- 4.643 m _n_ 0.43
band switch
Contact resistance of -- 7.353 m_n 7.432 mn_ 1.07
DPDT switch minitype
Metal film resistance 10.00 10.90 10.88 0.18
Metal film resistance 100.00 N 100.02 100.00 - 0.02

The BCD data multiplied by 3.92 gives the value of the resistor
directly through the reading of the display.

With reference to the flow-charts for entire system operation
Fig.4 and A/D conversion Fig.5, the complete software operation
can be understood.

RESULTS AND DISCUSSION

The Low-Resistance measurement setup, which has been developed
here had been compared with a commercial model of 44 Digital
Micro Ohm Meter (not microprocessor based) which is also a stan-
dard one for low resistance measurement. It also employs four ter-
minal measurement system. The results for various samples have
been tabulated.

The micro-ohm meter developed here is found to be better than
the commercial micro-ohm meter (cf. Table-I) since it is
microprocessor based, more accurate and having more flexibility.
The set-up is particularly designed for highly conducting media,
which are having very low resistances in the order of micro-ohms.

CONCLUSION

The measurement setup discussed so far in this paper is useful for
measurement of contact resistance, conductor resistance, winding
resistance, component resistance, winding temperature rise etc. It
displays the value of resistance directly in digits. No need of any
balancing and bringing null indicator to zero. The unique design
with 4 terminal measurement system provides zero reading when

the test leads are shorted together. The readings are true without
the effect of the test and lead resistance

It can be efficiently used for highly conducting media which
are having very low resistances and since it is microprocessor
based, it consists of high speed of operation. Also, since it
employs current interrupt technique, material overheating is
avoided.

The easiness of operation and convenient digital display makes
it suitable for repetitive type of operations resulting in time sav-
ings of production lines. research and incoming inspection
departments.
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