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INTRODUCTION

The digital nano-ohmmeter mod20024 is a instrument with
performance absolutely unique: although size andjhiweare extremely low,
provides resolutions and features never presesthiegso far.

32000 measuring points / 5 measurements per second

8 ranges from 320 Ohm to 32 uOhm (from 10 mOhEMP©hmM of resolution
current measurement can be selected

choice of automatic or manual range measurement

graphic display

bar graph

relative measure both absolute and percentagel&mepusly of the main
measurement

temperature compensation of the measure frofCa® 50,0°C

choice of the polarity of measurement

automatic measurement in both polarities indicating average value
auto-zeroing the instrument

compensation of test leads

measurement hold

choice and display the magnitude of the filter@ighe measure
backlight on/off

acoustic signaling of the correct selection

line and battery standard operation

indication of the state of battery charge

save/recall of configuration

reading data and setting via optocoupled USB

only two commands: one to read all the data andgsand one to write the
new setup

VYVVVYVYY

VYVVVVVVVVYVYYVYYY

Accuracy, number of measuring points and resolutias well as
reduced size and weight, make the instrument cytainique and suitable for
use both in the laboratory as in the field. Indekd presence of internal
rechargeable batteries shall release from the siégad the mains voltage with
a autonomy that can reach a maximum of about 3&€sho

The main measure is also well represented withelatgracters 10mm
high that allow the reading to three meters away.

The instrument has no menu where you can seledttiens you want,
but only and simply the ability to slide four saneén which:

displays the main measure

displays the main measure and the relative andlabs percentage

is set the temperature compensation of the meamme

displays the measure compensated, the main measdréhe temperature

\AAAL
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DESCRIPTION

The instrument is mounted in a aluminum extrudedd&ed case. Of
limited weight, it has the handles to facilitatartsportation and swivel feet in
order to better view of the display and accesgbito commands and test
sockets.

The graphic display 64x128 pixel is very large tigiato the size of the
instrument, so as to facilitate the reading evemfa distance and in low light.
Even the arrangement of the information (measugrigpary and secondary,
settings and indications) has been designed ta&ifyeeadable and never create
confusion.

The entire instrument is managed by a 16-bit mi@ogssor, while the
technique of measurement is ratiometric four-wirherwise known as Kelvin
connection, the only one that allows you to getatffccuracies and resolutions
so thrusts.

The amplifier and converter are in a monolithicidewso as to have an
equivalent input noise (with filter = 32) of onl@AnVpp typical in a minute and
drifts lower than typical 300nVpp in 10 minutes.

On the front there are four bugsilfA+, A-, V+, V-), two of which
provide for the measuring current and two for tleéedtion of the voltage drop
across the resistor. The four-wire method makéssénsitive the measure from
resistance of the wires that carry the current thiedvarious contact resistances
in the circuithanoohmmeter - test leads - unknown resistafbe input signal is
then amplified and compared with the referenceriraieresistance: the result,
properly prepared and processed by a microprocesssivown on the LCD.

The low current used for the measurement reduceitheonegligible
power dissipation for Joule effect, with the consat very low alteration of the
measurement. For the same reason the fall of thémman rated voltage of
32mV which avoids any semiconductor junctions imaflal to the unknown
resistance make the measurement invalid.

With the exception of range B, you can choose between two
measurement currents. With the current "high" thisre resolution in 4V
voltage, which drops to QuY with the current "low". If the necessity is tovea
a minimum dissipation on element under measurentie@tchoice is to use the
lower current, evidenced by writterur: before the value of the current, in the
lower part of the display. Otherwise it is recomuheth to use higher current,
shown with theCUR: before the value of the current, so as to mininsioke
effects due to potential contact or drifts of theasuring amplifier. Important
notices in this regard are given in the sectiGilPS ON THE
MEASUREMENT EXECUTION .
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Fig_ 1 Block diagram of the nanoohmmeter
20024 and the four-wire measurement.
CAUTION: The presence of the sign "-" before the value haf| t

measure is only to indicate that they exchanged the
terminal voltage V- with V+: this does not resylt
dangerous to the instrument, but does not guarahtge
validity of the measure because the amplifier isnoged
for positive signs.

AUTO HOLD

The instrument has an Auto Hold function, ie thdity to "freeze" the
display when the test leads or the pliers are diseoted from the element under
test. In particular, this happens when you haveirttegruption of the circuit by
disconnecting at least one of the current terminal.

It is given to reporting on the status line at badtom right of the screen
with the wordAHId flashing.

CAUTION: This function is automatically activated only whéme
instrument is inManual mode. This allows you fo
maintain the auto-ranging  function for automatic
selection of the most suitable range to measure.
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DEFINITION BUTTONS AND INPUTS

BUTTONS

The instrument has 12 buttons whose functionsrandes of operation
are detailed below and summarized in a table beldwough them you can
directly select all the functionality of the instnent without resorting to menus
or keystrokes.

Four buttons are dual function and the selectiotheffunction is based
on the time in which they are pressed: short i lggan one second, or long if
greater than said time.

The two functions refer to the same mode. As aimgik& consider the
BIP button. Pressing it briefly activates the bipatsgasuring, while pressing for
a long time allows you to get out it.

A suitable acoustic alert if the function, or theegsed button, is active
or not. In certain conditions, in fact some buttans disabled and pressing there
is a long beep. An example is the inability to perf an auto-zeroing procedure
during a bipolar measure. Pressing Afig button there is a long beep.

The following lists the buttons and their functions

EI Selection of the upper range

If the instrument is iMutomaticmode go tdMlanual mode.

If the instrument is iManual mode selects the range immediately above, unless
it has already been reached the range 0€3320

On the screen relative to the temperature compensatlows increasing this
parameter.

EI Selection of the lower range

If the instrument is iMutomaticmode go tdMlanual mode.

If the instrument is iManual mode selects the range immediately below, unless
it has already been reached the range32

On the screen relative to the temperature compensaliows the decrease of
this parameter.

Automatic/Manual mode

If the instrument is iMAutomaticmode is brought intddanual mode and vice
versa.
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FUNC Main measure Multifunction button

Absolute and relative percentage
Setting the room temperature
Measurement with temperature compensation

The button passes successively displaying of

- main measure + bargraph

- main measure + bargraph + absolute and relatiegqentage

- setting the room temperature

- measurement with temperature compensation + me&asure + room temperature

each time you press the button.

main measure + bargraph + absolute and relative gemtage
Pressing the button when are displayed or

the main measure and the bargraph w 1 @ 4 ? 1 m Q
displayed also the relative measure expres: . ]
as a percentage and absolute, both with sign.§ 1838, g

The percentage value is calculated with tf Beli =527, 3mg -33, 437
formula Fltid CUR: 18mH

T28Bna [Man | Dir|BiF1|@

percentage = 100 * (actual_value — initial_valué)nitial _value

where with the initial value and actual value aspectively indicated the value
read from the instrument at a time when you pregkedbutton and the last
acquired value, obtained from an average of readinmial to the value reported
by Flt.

The minimum and maximum values represented areecésply -100.0% to
+6550.0%. When the percentage value, in absolutasteequals or exceeds
100% the resolution automatically changes from @4 0.1%.

In absolute representation you have the resoluiotihe range at that moment
on, while the value is expressed as

absolute = actuale_value - initial_value
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setting the room temperature

By pressing the button you have th
disappearance of the main measure, of the
graphs and relative measures, while displayi
only the temperature compensation of ti
resistance, denoted by Ta, ie ambie Fltid Eaﬁf%g-‘ﬂ
L : ¢ 18mA
temperature. This is because that temperatur
that at which the measurement is taken of t | Z286Emg |Mar |Dir|BiFL|&
unknown resistance.
In this screen the temperature is varied usingtittons A and ¥ respectively
for increasing and decreasing the temperature \dikpayed on the right of the
screen, with a resolution of 0.1°C in a range betw@.0°C and 50.0°C. The new
value is automatically saved in non-volatile memofyhe instrument when you
switch to the measure compensated.

measurement with temperature compensatior main measure + room

temperature
Pressing another once the button you have

representation of the compensate 2 B ? 8 2 m Q
measurement (at the top), while in the cent -
area is the actual measurement of t
resistance, indicated biga and performed at | Ra= 27.364ma Ta=23.4%
room temperature, and the set roo |ikilE curs 188mH
temperaturd a, 32na [Man[DirTBiFITH
The compensated measure refers to a stanc
temperature of 20.0°C, according to CEI EN
60228:2005-10.

If you press theCFG button to save the configuration when you are as th
screen, recalling the saved configuration or swiglon the instrument is called
this screen.

main measure+ bargraph
Pressing the button disappears the screen v

the compensated measure and appears 3@88 2mg

main measure and the bargraph.

If you press theCFG button to save the 3650, o

configuration when you are on this scree | Flt:id CUR: 18mA
recalling the saved configuration or switchin _ i

on the instrument is called this screen. 32805 [Man | Dir[BiPL (@
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Interpretation of the operation of the bargraph

The bar graph under the main measure shc
graphically the value between 1040@Qnand

1049.9n2. In the picture the bar graph is set to 1 @ 4 ? o 1 mQ
value of 1040.02 + 7.1nQ2 (71 pixels). 1648, B

The bar graph has a total of 100 "pixels" ar| Relt -527, Jng -33.49%
graphically displays the small variations of th Fltid CUR: 18mA
main measurement. . 3288z [Man [Tir [BIF1TE
For example, if the primary measure i

264.1592, the value to the left under the bar
graph would be 264.0Quand the bar graph would be 15 pixels lond %02).

Zeroing procedure Multifunction button

Button pressed < 1 secAuto-zeroing

This multifunction button allows the auto-zeroingetinstrument without the
need to disconnect the terminals of current oragdtand short circuit them.
This procedure, on instruments of high sensitidtych as this, if not done
properly could make it completely unreliable theasw@ement.

With the automatic procedure is also obtained corsgton of the various
thermoelectric effects in the contact points betw#e terminal voltage and the
unknown resistance as well as all along the meagucable up inside the
instrument for each contact of different metal miate. During execution of
auto-zeroing is obtained also the elimination oé tiirift of the measuring
amplifier.

Pressing the button for less than 1 second appeamwbrdsAUTOZERO
flashing and the bar timepiece until the completibthe procedure, the duration
of which is variable depending on the number ofdiegs to be performed to
obtain the average, the value of which is sefby button.

Button pressed > 1 sec Lead current compensation

The second function of this button is activatedhif is pressed over a second
and allows to compensate the voltage drop on thercables in a better way
than does the procedure of auto-zeroing. In faztpide the high common mode
rejection of the input amplifier, when current ecabhave high voltage drop due
to the measurement currents of 1 + 10A, or the@edf these is insufficient or
they are too long, the amplifier is not able tdyfldompensate for the common
mode voltage variation that it comes to have betwde normal operating
conditions (with the current circulating in the &) and that of auto-zeroing
(when current is interrupted momentarily).
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Although specifically designed for the compensatiescribed above, and then
especially in the presence of measurement currefitd A and 10A, this
possibility is active on all ranges since alsow#izeroing the measurement if it
appears that, connected to the terminals as showigi2, the main measure is
not of zero value.

Fig. 2 Connection to be made
during the compensation of the voltage
drop on the current cables.

By its nature, the compensation is different fockesange and depends on the
measuring current used. Compensation is therefolyewalid for the range and
for the current measurement. For this reason tsieument saves the particular
compensation in the memory cell corresponding &b tAnge and the current, so
as to recall it when they are selected again. Tmpensation is saved in non-
volatile memory at power down. Since the savedeskre highly dependent on
the measurement conditions (length and cross-seofi@able current, potential
thermoelectric and internal temperature of instminas well as elapsed time
from power on of the latter) it may happen that tlext time you turn on the
instrument the compensation is no longer valid.

CUR Selecting the Current Measurement

Toggles the current measuring low or high.

The nominal current measurement is indicated by wioed cur: or CUR:
depending on whether low or high, respectively. thar range of 3X2, where
the current is only 10A, the writing depends onltst selection made.

Procedure of Bipolar Measure Multifunction button

Button pressed < 1 sec Activation bipolar measurement

Do not execute this command if the measure is oaddd.
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If the instrument is performing the measuremenhwéverse current change it to
direct current then wait for a time dependent am tamber of readings to be
performed to obtain the average, the value of wigcéet by pressing tHeLT
button.

The bipolar measurement procedure consist to remtimber of measurements
set by theFLT with the direct current and the same with the rexeurrent and
perform the average, then returning in direct mirraode. During the procedure
appear the wordBIPOLAR flashing and the bar timepiece. At the end of the
procedure the measurement is displayed and flaBisat the bottom of the
screen. A further bipolar measurement can be stdnyepressing again tHaiP
button.

Button pressed > 1 sec Deactivation bipolar measurement

Pressing the button for longer than a second theument leaves the bipolar
measurement mode and disappears BiPI written dtdtiem of the screen.

Selecting Filter

Each time the button is pressed you select a difitdfilter value in the sequence
1-2-4-8-16-32-64-1-2-4 - ..... The number, whiclaliso displayed at the bottom
of the screen after the wofelt:, indicates the number of acquisitions used to
calculate the average, which is the main measpresented.

This is particularly useful especially on the rar@e32uQ or when using the
measuring current low, where the instrument hagsimum sensitivity voltage.
The greater the number of measurements over whietaterage is performed
and more slowly responds the instrument. While maéiing a frequency of
update of the measurement on the display of 5 He#z the advantage of better
stability of the representation.

It may happen that switching to a following filteslue the main measure proves
unreliable temporarily, until the buffer of the rseges is refilled.

BKL Backlight

Turns on/off the backlight of the display.

In case of battery operation it is recommendeduto bn the backlight only
when absolutely necessary since the power absolhyedhe instrument,
excluding the measuring current, increases fromuad®@0mw to 700mWw,
reducing the operating time of the instrument cdexsibly. The autonomy,
however, does not fall below 50 hours with the tigbk actived and range
3200n2 or higher.
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POL Measurement Mode Direct or Reverse

If the instrument is iDirect mode is brought intReversenode and vice versa.
Allows to determine the direction of the currentlie element under test without
having to disconnect the terminals to reconnecthim reverse way when a
measurement is required with the opposite polamityo assess the presence of
electrical potentials of different nature in thecuoit voltage. In fact it is not
advisable to physically swap the terminals becatiseay determine different
electrical potentials, thwarting the measurementienpust to determine or to
reduce the influence of such potential.

If possible you should use the higher current faogite the measure. In this way
minimizes the influence of the potential of conttmtnks to a signal voltage ten
times greater.

CFG Save Configuration Multifunction button

Button pressed < 1 sec Recall saved configuration

Pressing the button briefly is recall the savedfigonation: range, filtering,
current, automatic/manual, backlight and functionsplhys: the main
measurement or measure temperature compensated.

Button pressed > 1 sec Save configuration

Pressing the button for longer than a second yee & current configuration.

HOLD " Freezing" of the measure

Toggle on/off the hold mode of the measure.

During the Hold mode does not work any button, with the exceptiérthe
buttons backlighBKL and filterFLT .

If the instrument is imold modeHold text is displayed flashing in the status line
at the bottom right of the screen.

10
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In the table below are summarized the operatianntbde of activation
and the type of signaling in function of time fohiah a button is pressed.

Action Acoustic
Name | ghory Operation warning
button | |ong short/long
A short If in Autorangemode: Exit from auto-range, remaining short
in the selected range.
If in Manualmode: If it has not reached the range pshort
322 passes to the upper range.
Do not execute the command if|ifong
is on the range of 320
In the lower part of the screen appear the range
activates and the text "Man".
v short If in Autorangemode: Exit from auto-range, remaining short
in the selected range.
If in Manualmode: If it has not reached the range pBhort
321Q passes to the lower range.
Do not execute the command if|ifong
is on the range of 3®.
In the lower part of the screen appear the range
activates and the text "Man".
AUTO | short If in Autorangemode: Switch tdvlanualmode without | short

changing the range.

If in Manualmode: Switch td\utorangemode short
selecting the range that is suitable
for measurement.

In the lower part of the screen appear the range
activates and the text "Aut".

FUNC | short | Having a complex operation, refer to section reéato the FUNC | short
button to p. 5.

Measurenent of Rel ative Absol ute has the sanme
resolution as the main neasure, while the neasure
of Relative Percentage has a resolution of 0.01% up
to 99.99% and by 0.1% from 100. 0% onwar ds.

A/Z | short Perform a auto-zeroing the instrument. short
long If the measurement is in Do not execute thrernand long
Overload:
If measurement <1000 points:  Captures the value and short

treats it as zero.

If measurement1000 points: Do not execute the command. | long

11
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CUR

short

If the measuring current is Switch to low current
high and the range are from measurement.
3200 to 32QuQ:

If the measuring current is Switch to high current
low and the range are from measurement.
3200 to 32QuQ:

If the range is 32Q Do not execute the command.
(measuring current
fixed to 10A):

The measuring current is indicated by the word
"cur:" or "CUR " depending on whether |ow or high,
respectively. For the range of 32uQ the word
depends on the |ast setting made.

short

short

long

BIP

short

If the measurement is in Do not execute the command
Overload:

If the measurement is valid: Measurements are rasitheg
direct and reversed polarity and
represented the average.

The measure goes on hold and
you have the flashing of the wo
BiPI on the bottom screen.

long

short
s

[}

long

Exits fromBipolar measurement.

short

FLT

short

Each time the button is pressed you select a diftdilter value in
the sequence 1-2-4-8-16-32-64-1-2-4 - .....

short

BKL

short

Turns on/off the backlight of the display.

G ven the high consunption of the backlight is
recommended, in case of battery operation, turning
it on only when absol utely necessary.

orh

POL

short

Switch from direct to reverse polarity measuent and vice versa.

At the bottom of the screen appears "Dir" or "lnv".

short

CFG

short

Recall the saved configuration (range, filteringgrent,
automatic/manual, measure compensated and bagklight

short

long

Save the current configuration of the instrame

short

HOLD

short

If the measurement is not in Block the measureyachave
Hold: the flashing of wordHold in
bottom of the screen.
Remain active onlifLT , BKL
andCFG buttons.

If the measurement is idold:  Exits from block of the measure

short

short

12
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INPUTS

On the front panel there are only four test saxkehich are essential if
you want to measure resistances of low and very Jale with the Kelvin
method.

Current Terminals

These terminals provide the measuring current. Wihcurrent circuit open the
voltage present at the output is between 2V and,2dépending on the state of
the battery and the presence or absence of thesmaltage.

Voltage Terminals

Through these terminals is detected the voltagp dovoss the unknow resistor,
with a sensitivity that reaches 10nV on the rang@2pQ.

GND Ground Terminal

Located at the rear of the instrument is a stantbaighing with hole 4mm in

diameter electrically connected to the housing. ®anused to improve the

rejection to environmental disturbance by connectihe instrument to the

ground.

Alternatively or in combination the same bushing bea used to connect a shield
of voltage cable, as shown in Fig 2 or Fig 3 ongpado page 18.

LINE Power Socket

Located at the rear of the instrument is the popleg from the mains 230V *
10% 48-66Hz and 5x20mm fuse holder with fuse 20Giekayed.

Communication Port

Located at the rear of the instrument allows to mamicate with a PC via an
optically isolated connection. You can read theadatd setup of the instrument
and modify the setup.

13
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In the five areas of the lower part of th
display the status line provides many auxilia | 3288z |Man [Dir|BiFl|&
information summarized in the table below.
. L Status of the
Sector Information Indication Note message
1 Range 320Q Selected range Permanent o
32Q all ranges
3200nQ2
320m2
32m
320012
3201Q
320
2 Automatic / Aut Instrument inAutorange Permanent
Manual mode
Man Instrument inManual mode
3 Direct / Reverse | Dir The current flows from the | Permanent
positive terminal
Inv The current flows from the
negative terminal
4 Bipolar BiPI The instrument is Flashing
performing a bipolar
measure
Hold Hold Instrument is irHold mode | Flashing
AHId Instrument is inAuto Hold Flashing
mode
no indication The instrument is not in
Hold or Auto Hold mode
and even in bipolar
measuring
5 Battery status no indication Battery OK
image of a Battery charge level in Permanent
battery with gradually decreasing
charge level
gradually
decreasing
image of empty| Fully discharged battery Flashing
flashing battery

14
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TECHNICAL SPECIFICATIONS
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Power supply

230V +£10% 48-66Hz fuse 200mA delaye

o

Power requirement

15VA

[

Battery visual indication of charge status battery

Battery autonomy view Tab. 2

Representation on backlighted graphic display 64x128 pixe]
62x44mm

Points of measure 32000

Display refresh rate 5Hz

Range

32,0001Q, 320,002, 3200,0122, 32,0006,
320,00n82, 3200,0n2, 32,00@, 320,0@

Range selection

automatic / manual

Automatic change of scale

switch to range higher >31999 points
switch to range lower <3000 points

Resolution and measuring current

view Tab. 1RESOLUTION AND
MEASURING CURRENT

Measurement accuracy(@ 20°C)
(range 32Q@ + 320012 high current)

+(0,05% + 0,001%/°C + 2 digit)

Measurement accuracy@ 20°C)
(range 320 + 320012 low current)

+(0,06% + 0,001%/°C + 3 digit)

Measurement accuracy(@ 20°C)
(range 320 high current)

+(0,06% + 0,001%/°C + 3 digit)

Measurement accuracy(@ 20°C)
(range 320 low current)

+(0,07% + 0,001%/°C + 5 digit)

Measurement accuracy@ 20°C)
(range 32@)

+(0,07% + 0,001%/°C + 5 digit)

Noise
(referred to input from 0,01Hz to 0,1Hz)

200nVjpwith filter = 16 (FLT = 16)

Compensation current cable / Zeroing

compensation of emf of voltage circuit and

the offset of the instrument up to + 1000 digi

—

S

Heating time after the power up

about 15 minutes within a tolerance of 0,3 |

\Y

Compensation range of the measure with the
room temperature (Ta)

0,0°C a 50,0°C in steps of 0,1°C

Coefficient of temperature compensation

copper, according to standard
CEI EN 60228:2005-10

Temperature at which the measurement is
reported

20,0°C (according to standard
CEI EN 60228:2005-10)

Open circuit voltage (A+) - (A-)
(current circuit open)

2,20 Vmax (battery operation)
2,40 Vmax (mains operation)

Filter

averageon 1, 2, 4, 8, 16, 32, 64 measures

Maximum inductive value

35 Henry / 150 ohm

Working temperature 0+50°C

Storage temperature -20+ 60 °C

Weight 4770 gr. approximately
Dimension 243x89x285mm(W x H x D)

15
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The table below shows the values of resolution,.smeag current and maximum
power dissipated by the unknown resistance depgratirthe selected full scale.

RESOLUTION AND MEASURING CURRENT

Range Resolution | Resolution | Voltage | Current | Maximum
(resistance) (voltage) of f.s. (low/high) power
321Q 11Q 10°Q) 10nv 320puV 10A 3.2mw
3200Q | 10Q 108 Q) 10/100nV | 0,32/3,2m\  1/10A 320puW/32mw
32001Q | 1000 107 Q) 0,1/1pv 3,2/32mV 1/10A 3,2/320mwW
32mQ) 11Q (106 Q) 0,1/1pv 3,2/32mv 0,1/1A 0,32/32 mw

320mQ | 10Q (105Q) 0,1/1pV 3,2/32mV| 10/100mA|  32uwW/3,2m\

3200mQ | 100,Q0 (104 Q) 0,1/1uv 3,2/32mV 1/10mA 3,2/320uW

320 1mQ 103 Q) 0,1/1uV 3,2/32mV|  0,1/1mA 0,32/32uW

320Q | 10nQ (102Q) 0,1/1pV 3,2/32mV|  10/100pA|  32nW/3,2u

Tab. 1 Summary table of the resolutions, sensitivity, measuring current and maximum
power dissipation of the unknown resistance as a function of the selected range.

To prevent which excessive heating inside of ttsriument may cause
drifts in the measure, particularly so on the tevér ranges and when is used a
high measurement current, the battery charge duisembout 1A when the
instrument is turned on and 2A current when it fis Gonsequently, the full
charge when switched off involves approximatelyh®@rs of time, while if the
instrument is on and always working with measuigngent, the charging time
can vary greatly depending on the selected randetten state of the backlight.
For measuring current of 1A and backlight on youeha slight discharge of the
battery which, if the measured current increases0®, is discharged about in
one hour.

The following is the graph of autonomy of the biattas a function of
the selected range and the switching on/off th&llgdd of the display.

16
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Battery autonomy
Owith backlight, high current |
32 uohm Owithout backlight, high current
320 uohm
3200 uohm
2 32 mohm
© 320 mohm )
g % |
3200 mohm )
‘% | | | |
32 o0hm I
320 ohm I I I I I
‘% | | | | |
open circuit
0 50 100 150 200 250 300 350
Hours

Tab. 2 Graph representing the autonomy of battery as a function
the selected range and status of the backlight.
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TIPS ON THE MEASUREMENT EXECUTION

POTENTIALS OF CONTACT

After switching on the instrument, before takingyaneasurements, it
would be advisable to wait at least 10 minutess Hflows the necessary thermal
settling of the components of the nanoohmmeter.

In carrying out the measure is essential, in otdeobtain the best
results, follow the connection diagram of the terahs of measurement shown in
Fig 3. In this way it is avoided that in the circubltage there are the contact
resistances of the current terminals, with a mawopis alteration of the
measurement results.

With cables of Kelvin type this problem does noisesince the two
tweezers placed to end are connected in such aaway avoid that the contact
resistances adversely affect the measurement.

Other sources of error may be the potential of acinthat you have
when two different metal materials meet.

To minimize the influence of this physical phenome, it must try to
have the same type of contact between positiveragative terminal voltage
and the unknown resistance. This contemplates thathstate of the surfaces
(polished, oxidized, dirty, etc..) that the matef@her than material of a head of
the unknown resistance compared to another), ad a®lthe different
temperature at which they can be the points ofamirdf the element under test.

If the type of contact to the positive terminalsisilar to the negative
terminal, the two effects tend to cancel and attm@mains a potential equal to
the difference of the two. If this effect remaimstant over time is sufficient to
compensate him once
and for all, on the
contrary should be
periodically reset by
pressingA/Z button.

The change
that you mention is
mainly due to
variations in
temperature between
the two points where
the voltage probes
touch the unknown
resistance: the only
way tO_ get a stable Fig. 3 Connection diagram for measuring four wires
and reliable measure | of a resistor of low value.
is to take every
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precaution to ensure that immediately after aningrthere are not fluctuations
in the temperature difference of the two pointsariftact.

All the above said phenomena are, in absolute yalerainly modest
(generally a few tenths of microvolts), but unforitely they are more than
detectable by instruments of similar sensitivithal's why it is essential to take
some basic and essential precautions to have aqediy of the measurement.
The main, but not the only ones, are:

. Clean the surfaces of the terminals of the unknown resistance and
measuring cables from oil, water, oxides etc.

. If the section of the current cables is less than or equal to 4mm2 these
must be of equal cross section, to avoid that a different heating by Joule
effect causes a drift of the measurement over time. In any case, it is
strongly recommended that you use cables of not less than 6mm2
when using the lower ranges of 3200uQ, 320pQ and 32uQ.

. Wait for the cooling of the object to be measured.

. Avoid heating/cooling, even slightly and in whatever way, a terminal of
the resistor to be measured relative to each other.

. Avoid concatenate the measurement cables with varying magnetic
fields that can cause a bad reading.

. Always perform an auto-zeroing and possibly a compensation of test
lead to the first measure, and wait at least 10 minutes after the power
on before you use the instrument, if you want good accuracy and
stability of the measurement.

. Always perform an auto-zeroing when you are on the range 3200uQ,
320uQ e 32uQ or the test leads are connected to another resistance.

. Do not change the measurement point after you have performed a
auto-zeroing.

Since the potential of contact may vary from pampoint is essential,
to have the best results, do not move the pointseg#surement, even if these are
assumed to be equipotential: current flows andntiatleof contact different in
different points alter the measure . This is altebjuwvalid also if you wanted to
run an auto-zeroing: do not ever alter the elegttrionnection of the terminal
voltage between measurement and the auto-zeroing.
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USING THE METHOD OF BIPOLAR MEASURING

When it is assumed the presence of potential nfaobd not symmetric
on the input terminals, which thus can not be elated by a simple auto-
zeroing procedure, the solution is the use of tipwlar measurement mode.
Since for each representation there are more nmasmts with direct and
reverse current and a subsequent stop, this measotesystem is inherently
very slow and therefore is to be used only wherdeder for actually to verify
that there are asymmetric potentials comparing tesult of a bipolar
measurement (which in theory is the correct onejh wihe measurement
available after a auto-zeroing.

Do not forget, however, that a difference of a filigits is possible and
normal. Is not expected, therefore, also in cassbeénce of potential of contact
or when these are symmetrical, a perfect idenfityatues.

Since the asymmetry of the potentials of contacusually due to
different causes, their drift or noise may be défg. This can lead to a variation
in time of the measurement more pronounced compgarttee measurement with
symmetric potentials of contact, which by definitithey cancel each other. If
there is an asymmetry in the potentials of contaot,you continue to use the
normal measurement mode (not bipolar), it shoulchbied that the correction
(zeroing) which is made may not be constant ou@etiAlso considering a
asymmetric noise of amplitude and causes differdrarefore more difficult
voidable mutually, we recommend using a filter blemst 16 when you run a
bipolar measuring: it helps to further reduce theations in the measurement
results.

As can be activated/deactivated has already bephaieed in the
section orBIP button.

MEASUREMENT ON RANGE 32uQ AND 320uQ LOW CURRENT

Given that these two ranges have a sensitivityoitage of only 10nV
(equal to about 1/1000 of the signal provided liigeamocouple for a change of
temperature of 1°C), its use must be entrustecpereenced personnel, capable
of evaluating the multiple phenomena that may inoumaking unreliable the
measurement. It is necessary to be considered camgfully the temperature
gradients in both environment and on the resistémieg measured. You must
choose appropriate connection points to the ohjeder test by checking the
mechanical strength, avoid in any way air flowsttiphlighting power (which
induce localized heating), magnetic fields, etc..
It is absolutely advisable to execute the measunémet less than 15 minutes
after switching on the instrument: this allows tthi@ve an appropriate balance
of thermal components of the instrument itself.
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At this point there are two possible strategiesnaasurement that
exploit respectively the thermal inertia and theerthal settling of the
components. Indeed the passage of a measuringntwfelOA determines a
heating and consequent unwanted thermal drift due¢hérmal phenomena,
however, that propagate and derive rather slovibhikizing at about 15 + 20
minutes.

Having the possibility of perform a fast measuramis possible to
exploit the thermal inertia, so as not to give tsa sufficient heat propagation.

If is required instead a measurement in time widlhave to wait for
the thermal settling to have enough stability.

Please note that thermal drift can be as#0,8qual to + 30 digits)
with a variation of about 0.5 to 1.5nV/sec, andésinormal to have variations,
including noise, settling thermal and potentialdontact, 100 to 200 digits.

A possible arrangement, to minimize the drift amel settling time, is to
reduce the dissipation of the instrument makingruib only on batteries,
obviously after having loaded well in advance.

Avoid any case to circulate cooling air that syrelould create
differences and thermal variations on the cablevalfage measurement that
would cause many signal variations.

Should not be underestimated even the noise botliommental and
internal to the instrument. The latter is typicatlgntained in approximately +
200nV in a period of 1 minute. To reduce the variat in the short term it is
recommended to use a filtering high: 32 or 64. hy &ase, the minimum
filtering, on 32QQ and 321Q, is 8.

As regards the electromagnetic noise could perthermeasurement in
a Faraday cage or anechoic, connecting the instrutoethe earth through the
appropriate rear bushing, bearing the closer tagethe tension cables, to
minimize the area, and the noise induced, withénabil of the signal.

If all this seems excessive, please note that uneants with
resolutions of 10 are definitely very close measurable limits. Sabsally
below the 0,12 no longer able to go down. It is also recommentiegut
adequate attention to the measurement with "lowtect (allowed in all ranges
except 3pQ) where the resolution of the output voltage isyol,1uV,
definitely value to be considered low-level.

ELECTROMAGNETIC FIELDS

Other causes of instability or failure of the measnent or in zeroing
are attributable to the presence of magnetic fiewsinduce electrical noise can
move the level in DC of the signal. The best waynitigate this influence is to
keep short the wires of the voltage and currentthatiare not wobbly or vibrate
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even in proximity to static magnetic fields: thisllvcause the occurrence of
induced voltages of amplitude and frequency depanole the movement.

CURRENT CABLES OF INSUFFICIENT SECTION

Another cause of error, even if in this case dadiyl modest and found
only on the ranges from 3200, 32QuQ and 321Q, is due to the limited section
of the current leads. If in fact the section issléisan 6 mm2 and the cable is
proportionally too long it has, between zeroing amehsurement, a difference in
the voltage drop on the cable that the measuringlifen is no longer able to
properly compensate, by introducing a error, with tables supplied, usually
not more than 2 to 4 digits. The remedy is to asethe lower range, cables of
elevated section and as short as possible.

If there is any cables that provide high falls acmmpensation is
necessary to reduce the error, see the instruatiomgge 7 relating to paragraph
Zeroing procedure.

SLOW OF MEASUREMENT

This is certainly not a cause of the error, buhity seem, sometimes,
that the instrument is too slow or even stop i tbason is due to the value that
has been set in the filter. The higher this valhe, longer the time that the
instrument takes to make a series of measuremariteeaunknown resistance.

MEASUREMENT OF ELEMENTS HIGHLY INDUCTIVE

The nanoohmmete20024is able to measure the resistive component
also highly inductive elements such as transformétts a power of more than 1
MVA. To avoid damage or malfunction of the instrurhds advisable to
connect, in parallel to the unknown resistancejoaled as shown in Fig 4, the
next page.

Such protection diode should however put onlydfually there is a
need and in the presence of inductive loads, samcéiigh range the reverse
current of the same diode can alter, although ntbydélse measurement.

To protect the range from 320to 320nf2 including is sufficient a
diode of the type 1N4004 or similar, able to wietmst currents of 1A. For the
lower range (from 32@ to 32uQ) is advisable to use a diode can withstand
higher currents.

Its function is mainly to protect the amperometriccuit. The voltage
circuit is protected against continuous differdni@tages up to =+ 35V and pulse
up to + 100V for 1 second.
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CAUTION:

The instrument is not able to bear, on the bushiofy

measurement, the application of external voltages o

currents, especially if due to the direct connectiaith

the network line.

PROTECTION FROM OVERVOLTAGE AND OVERCURRENT

The instrument is provided with adequate protectmainst voltage
surges on voltage inputs, as specified in the teahspecifications, but requires,

in the case of measurement of
predominantly inductive

elements, an external protective
diode. Such a diode as shown in
the previous section, is fully
sufficient to protect the
generator current circuit. This
does not mean, however, that
the instrument is able to
withstand electrical stress such
as connection to motors or
transformers connected to its
power supply, especially if this
is the line network. The electric

power at stake in this case
would be well beyond those
tolerable by the protection
circuitry, internal and external,

of nanoohmmeter and its

Fig. 4 Connection diagram of the protection
diode in parallel with an strongly inductive
element. Note the direction of insertion of the
diode.

damage would be certain.

CAUTION:

It is important that the protective diode is cocted in
parallel to inductive element and not between
terminals of current or voltage, otherwise it is able,
disconnecting current cables, to eliminate the ngt
glitter that is created. The spark can also reaitages o
thousands of volts and irreparably damage s

the
ro

ome

electronic circuits of the current generator.
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COMMUNICATION PORT

GENERALITY

The nanoohmmete20024is equipped as standard with a USB interface
optically isolated. Using the appropriate optiomaddule, which looks similar to
a plug connector RS232 9 pin, you can connect éwicd to a PC to obtain the
following information:

main measure

relative measure

measure temperature compensated

room temperature for the compensation of the memseant

instrument status (range, filter, page view, cutrereasurement, backlight,
etc.).

VVYVYVYY

Also you can:

set the room temperature for measure compensation
> change the setup of the instrument

All of this means of just two commands:

- a read request with which the instrument providéghe information
available to it by sending a string of 13 byteddiaked by a fourteenth
byte of checksum

- a write command followed by a string of 5 bytes tiepresent the new
setup, to which is added a seventh byte of checksum

READING DATA

Is sent to a single request bytes of 00H value ihktrument complies
with 13 bytes of data followed by a checksum bweninal, as shown in the
following table. The first 5 bytes are both read awite, or are bytes to be sent
to the instrument when requesting any changeseteetup. More details will be
given in sectiotWRITING SETUP .

Some data in the form of bytes (range, filteringd aserial number),
others in the form of words as a set of two bytks (hain measurement, relative
measurement, compensated measurement and room radunee for
compensation), and still others as a set of flaigjs fields of one or two bits.
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READ COMMAND = 00H

# _— Type of Read /
byte Definition data Write

1 upper byte of room temperature compensation )

2 | lower byte of room temperature compensation word read and write

3 range byte read and write

4 filter byte read and write

5 statusl flag read and write

6 status2 flag read

7 upper byte of main measure (absolute value)

8 lower byte of main measure (absolute value) word read

9 upper byte of relative value (absolute value)

10 lower byte of relative value (absolute value) word read

11 upper byte of temperature compensated measure

12 | lower byte of temperature compensated measure | WO'd read

13 serial number instrument byte read

14 checksum byte read

Below will be explained in detail how to interpthe data received.

byte 1-2 Room temperature of compensation

Represents the value of the temperature used tpexmsate the measurement
and is expressed without a decimal point or, edentdy, in tenths of a degree:
if the ambient temperature is set to of 27.4°Cvilee is equal to 274.
To obtain the value, perform this calculation:

temperature_value = bytel * 256 + byte2

Is a value both read and write access.

byte 3 Range

This byte contains a code corresponding to re RANGE

selected range, as indicated in the talpe

opposite. Code Range

Is a variable both read and write. 0 32Q
1 320uQ
2 320QuQ
3 32mQ
4 320m
5 3200n0
6 320
7 3200

25



38 DIGITAL NANO-OHMMETER 20024 38

byte 4 Filter
This byte contains a code corresponding to Ee FILTER
selected filter, as indicated in the tab -
opposite. Code Filter
Is a variable both read and write. 2 ;
2 4
3 8
4 16
5 32
6 64

byte 5 Statusl

This byte is a set of seven fields where is sunzadrthe state of the instrument.
Is a variable both read and write.

Statusl
# bit \?Jgiag% Meaning Value
0 1 Measure represented 0 = main measure + bargraph
1 2 1 = main measure + bargraph + absolute
and relative percentage
2 = setting room temperature
3 = measurement with temperature
compensation + main measure +
room temperature
2 - Measuring current 0 = low current
1 = high current
3 - Backlight display 0 = off
1=on
4 - Measurement direct/reverse 0 = measured bygtditerent
1 = measured by reverse current
5 - Select range manual/automatic 0 = manual
1 = automatic
6 - Measurement active/in hold 0 = active
1 =in hold
7 - Measurement active/in zeroing 0 = active
1 =in zeroing
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byte 6 Status2

This byte is a set of 7 fields which complementgtse of the instrument.
Is a read-only variable.

Status2
# bit \?Jgiag% Meaning Value
0 1 Bipolar measurement 0 = measurement not bipolar
1 2 1 = bipolar measurement
2 = bipolar measurement in hold
3 =not used
2 1 Overload measurement 0 =no overload
3 2 1 = positive overload
2 = negative overload
3 =not used
4 - Sign of the main measurement 0 = positive [iglér)
1 = negative polarity (-)
5 - Sign of the relative measurement 0 = positivianity (+)
1 = negative polarity (-)
6 - Current circuid+ / A- 0 = closed (valid measure)
1 = open (measure in AutoHold)
7 - not used
byte 7-8 Main measure

Represents the absolute value of the main measwtdsaexpressed without
commas or units. The correct representation isrch@ted by considering the
selected range and bit 4 $fate2

If a hypothetical measure is 217,4%frange code = 4), the value contained in
the two bytes considered is of 21743.

To obtain the value, perform this calculation:

main_measure_value = byte7 * 256 + byté@bsolute value)
Is a read-only variable.

byte 9-10 Relative measure

Represents the absolute value of the relative meamd is expressed without
commas or units. The correct representation isrch@ted by considering the
selected range and bit 5$liato2

If a hypothetical measure is -1,09 (range code = 1), the value contained in the
two bytes considered is of 109.

To obtain the value, perform this calculation:

relative_measure_value = byte9 * 256 + byte(Bbsolute value)
Is a read-only variable.
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byte 11-12 Room temperature of compensation

Represents the value of the room temperature usedotnpensate the
measurement and is expressed without comma or ohiteasure. The correct
representation is determined by considering thecsed range and bit 4 of
State?2.

If a hypothetical measurement is 1698X(range code = 2), the value contained
in the two bytes considered is of 16982.

To obtain the value, perform this calculation:

temperature_compensated_measure_value = bytel 5*#23yte12(absolute value)
Is a read-only variable.

byte 13 Serial number

Is the instrument serial number.
Is a read-only variable.

byte 14 Checksum

Is the algebrical sum of thirteen bytes of datanc¢ated to the lower byte.

If hypothetically the sum of the byte correspondsO7A2H (07A2 value in
hexadecimal notation) this byte is A2H.

Is a read-only variable.

WRITING SETUP

The whole setup of the instrument is written a¢ ime by sending the
command byte 08H, following it by the same firstefibytes received while
reading, amended as necessary to reflect the nevedesetup.

It is reiterated that, regardless of how many ahétkvbytes have been
modified, is absolutely indispensable send all fiyges represented in the table
below after the command byte 08H adding, as thergbvand last byte, the
checksum byte.

You should definitely consider when you want torayathe setup, first
perform a read, so you have the updated positidheatast moment of the state
and of the setup of the instrument.
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WRITE COMMAND = 08H

# - Type of Read /
byte Definition data Write

1 08H (command code for writing) byte write

2 upper byte of room temperature compensation .

3 lower byte of room temperature compensation word read and write

4 range byte read and write

5 filter byte read and write

6 statel flag read and write

7 checksum byte write

Below you will specify in detail how to interpreéte data to send.

byte 1 Write command

Is a constant value of 08H..

byte 2-3 Room temperature of compensation

It has exactly the same meaning and modes of rempE®N indicated in the
section on reading data.

The validity range of the value is between 0 an@,56clusive. Values that
exceed these limits are not considered by theunsnt.

Suppose you want to send a value to an room temperaf 31.2°C, it is
necessary to consider the value 312 which, in hexiathl, is represented as
0138H, namely:

byte2 = 01H
byte3 = 38H
byte 4 Range

It has exactly the same meaning and modes of reqiEn shown in the table
on the range.

The validity range of the value is between 0 anth@lusive. Values that exceed
these limits are not considered by the instrument.

If the new range is different from the previouse timstrument is forced into
manual mode and exits from eventual representaifothe relative measure,
displaying only the main measure + bar graph.
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It has exactly the same meaning and modes of reqiEn shown in the table

for the filter.

The validity range of the value is between 0 anth@usive. Values that exceed
these limits are not considered by the instrument.

On two lower range (32 and 321Q) any codes of filter less than 3 are forced

to 3, to ensure that an adequate filtering of mesmants in the presence of

noise.

byte 6

Statel

Being a set of flags each bit can be changed imdigpely of any other.

Statel
# bit \?VIQ%% Meaning Value
0 1 Measure represented 0 = main measure + bargraph
1 2 1 = main measure + bargraph + absolute
and relative percentage
2 = setting room temperature
3 = measurement with temperature
compensation + main measure +
room temperature
2 - Measuring current 0 = low current
1 = high current
3 - Backlight display 0 = off
1=o0n
4 - Measurement direct/reverse 0 = measured bygtditerent
1 = measured by reverse current
5 - Select range manual/automatic 0 = manual
1 = automatic
6 - Request to save configuration 0 = no request
1 = yes, save configuration
7 - Measurement active/in zeroing 0 = no request
1 = asked the zeroing of the instrument
byte 7 Checksum

Is the sum of the six bytes of data (including caanch byte), truncated to the

lower byte.

If hypothetically the sum of the previous byte esponds to 02FBH (02FB
value in hexadecimal notation) this byte is FBH.
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TEST CERTIFICATE

INSTRUMENT MODEL . . . . . 20024

SERIAL NUMBER INSTRUMENT . .

BATTERY . . . . . . OK
USB PORT . . . . . OK

TEMPERATURE of CALIBRATION

RANGE RERSE'EEQ’I\E‘EESF MEASURED VALUE E)E(E:(L:IASRIES RESULT
(high/low current)

3200 0,5 %o / 0,6 %q OK
32 0,5 %o / 0,6 %q OK
3200MQ 0,5 %o / 0,6 %q OK
320m 0,5 %o / 0,6 %q oK
32mQ 0,5 %o / 0,6 %q OK
320010 0,5 %o / 0,6 %q OK
32000 0,6 %o/ 0,7 %q OK
3200 0,7 %o oK
TEST NOISE . . . . : oK
TEST EMC . . . . . . oK
TEST BURN-IN . . . . . . oK
MANUAL, CABLES, SOFTWARE . . : . oK

This is to certify that the instrument conformsthe technical specifications relating thereto, as
stated in the technical specifications.

Date The Verifier The Operator

DECLARATION OF CONFORMITY

The company PEDRANTI ELIO, Via Cesare Battisti 33Bardano al Campo - Varese, ltalia,
declare under our sole responsibility that therimsent20024 to which this declaration relates, is in
conformity with the rules laid down in directive E89/336.

Cardano al Campo, 07/07/08 . Pedranti Elio
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