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WARRANTY

PROMLEGION LLC warrants that the Z-Meter, if properly used and
installed, will be free from defects in material and workmanship and
will substantially conform to PROMLEGION’s publicly available
specification for a period of one (1) year after date of the Z-Meter
was purchased.

PROMLEGION LLC also provides a 3-month warranty for the
following parts and components included in the standard delivery set
of the product: the cables, program disks and documentation

If the Z-Meter fails during the warranty period PROMLEGION will
repair the Z-Meter or replace it or its parts.

For the warranty support a Consumer can address to the office of the
company PROMLEGION or its sales representative.

The product repaired or replaced in whole or in part, will have the
warranty period counted as one (1) year from initial shipment but not
less than 3 months upon shipping of repair or replacement.

TECHNICAL SUPPORT

For the technical support and repair within and after the warranty
period, please, address:

In Russia and CIS

PromLegion Ltd.

46 Warshawskoe shosse, Moscow 115230, Russia
Tel: +7-499-678-3231

Fax:  +7-499-678-3258

e-mail: info@promin.com

In Europe, the USA and other countries

TEC Microsystems GmbH.
Schwarzschildstrasse 8, Berlin 12489, Germany
Phone: +49-(0)30-6789-3314

Fax:  +49-(0)30-6789-3315

e-mail: info@tec-microsystems.com
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1. INTRODUCTION

The ten channel Z-Meter provides measurement of the following
parameters of thermoelectric (TE) modules (also TE coolers, TECS) -
the measurement of up to 10 TE modules at a time.

e AC Resistance (R)
e  Figure-of-Merit (Z)
e Time Constant (7)
e Maximum Temperature Difference® (AT,q5)

Using the Z-Meter it is possible to perform testing of various types of
single- and two-stage TE modules.

It is also possible to evaluate quality of more-stage TE modules by
the measurement of electrical resistance.

The parameters are measured at the ambient temperature T,. The Z-
Meter provides recalculation of R and AT, to another temperature
value from the T, vicinity.

! For thermoelectric coolers (TECs) the measured Figure-of-Merit allow to
calculate performance parameter - maximum temperature difference
AT pax- The calculation is valid for single-stage TECs. Measured Z for
multistage TECs correlates with the cooling capacity, but no possibility for
simple calculation of it.
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The Z-Meter is operated by computer under the operating system
Windows 98/2000/XP/Vista/7.

ADVANTAGES FEATURES

v' Express testing performance v" Ten Channels
of single stage and multi-

. v i i
stage thermoelectric modules Current adjustable in a range

0...80 mA
v' Testing performance of TE
modules integrated into
optoelectronic devices

(photodetectors, lasers etc.) v' Results normalization to
standard temperatures

v" Measurement at direct and
reversed current

v/ Time constant measurement

v/ Compatible with other Z- v' Correction coefficients to Z
Meters of PromLegion value
Devices Family. v’ Low power consumption
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2. TECHNICAL CHARACTERISTICS

2.1. Specifications

Parameters Units Values

Electrical Resistance R

Range Ohm 0.1...100
Accuracy % 0.6 (but>0.010hm)
Repeatability % 0.3
Figure-of-Merit Z
Range 103K 1.3
Accuracy % 1.5
Repeatability % 0.4
Time Constant T
Range S 1...100
Accuracy % 1.5
Repeatability % 1
Power Supply
AC Voltage \% 85...264
Frequency Hz 47...63
Voltage DC \% 120...370
Power (max) W 15
Operational Conditions
Temperature range °C +15...+35
Humidity % 0...95
Storage
Temperatures range °C -20...+60
Humidity % 5...95

Mechanical Parameters
Measuring Unit
Dimensions mm 235x180x90
Mass kg 1.1
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Parameters Units Values
Testing Unit
Dimensions mm 388x180x44
Mass kg 1.6

2.2. Delivery Kit

i Z-METER DXA190 Muli Point . .
e B e R Measuring unit
aae dnan duas dnea fann dans dnve dasn huns i
- ki o 1 pc.
< R
Testing unit
1 pc.

Connection cable
2 pcs.

Temperature sensor
1 pc.

Measuring terminal*

1 10 pcs.
5 W
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Power supply cable

1 pc.
e —— Sr\ USB cable
— 1 pc.

‘ * Measuring terminals can be
A made on the basis of Kelvin
clips of various designs.

2.3. Features

- Z-meter consists of two units that allow using either the testing
unit (supplied) for a TEC connection or any other means
providing the 4-wire connection.

- Measurement of up to 10 TE modules (ten channel device) of
the same type at a time.

2.4. Design overview

The device consists of two units:

e  Measuring unit,

e  Testing unit.

The measuring unit is designed for generating testing current,

voltage measurement, temperature measurement, measurement

mode signaling, for the control of light signals of the testing unit, and

heater control. The measuring unit has a plastic housing with
connectors for the power switch on the end panels.
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Power

Z-METER DX4190 MultiPoint

TEC' TECZ TECJ TEC4 TECS TECG TEC? TECB 1ECQ TECm Selw

w d

LINE Fu
AL'E

- &

The testing unit is a passive thermostat, providing TEC constant
temperature during the measuring procedure and is equipped with
terminals for an easy connection of the measured TEC. There is a
sensor, and a LED indicating the measurement results. In addition,
there is a testing unit heater checking the TE module polarity.

updE b
2izian
L3508

s
£

2k
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Measuring unit

Test unit Measuring module 1
ZOSann Precision D
= P& current | — DAC % a0
H<— P> _bridge source g -
I=}
b >>—<€j > SNT ]
T Instrumentation ADC | 5
amplifier =
5 Measuring module 2
©
[}
T Measuring module 10
. Precision >
P < current (—| DAC |5
- P> _bridge source = —
& .
< >>—<€j > S
T Instrumentation ADC | 5
Hu amplifier =

& -switch current Collector
o source
“F—r— D> =

>

Digital /0

usB
AC/DC driver

Z-meter functional scheme
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The description of the measurement processes is in Section 9
Measuring Processes.
2.5. System Requirements

The Z-Meter works under the control of the program "Z-Meter". The
program "Z-Meter" provides all possible operational modes of the Z-
Meter. It has a simple interface and does not demand a User's
special knowledge.

The Z-Meter is operated by computer under the operating system
Windows 98/2000/XP/Vista/7.

The software is delivered with the Z-Meter. The requirements are:

. Free USB port,

e 20 MB free hard drive space (additional space may be required
later to store database for various types of coolers),

e  Mouse or compatible pointing device.
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3. WORKING WITH Z-METER

3.1. Getting Ready

Make sure that the switch on the front of the measuring unit is turned
off. Using the power cable, plug in the measuring unit to the supply
voltage.

Using a USB cable, connect the measuring unit to a computer free
USB port.

<
2

If you intend to use the measurement terminals, connect them to the
connectors TEC1 ... TEC10 of the measuring unit, and connect the
sensor to the connector "Sensor".
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=ik

TEC10  Sensor

TEC1 TEC2 TEC3 FeSIS-F-  F4SAS-F-
FHBAB-F= FeBoB-F- FoSif-f- F

e a1 A _—

3 155 ) i
\ —_—

If you want to use the testing unit, connect the appropriate
connectors of the measuring unit and the testing one by the flat
measuring cables. The corresponding connectors are marked
similarly: "1...5" and "6...10".

— L — o S
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Z-METER DX4190 MultiPoint

TEC‘ E\.Z YCCJ YECJ Y[CS YI:CS L ! lt(_‘- F{ !Lﬂ w

WH
!-

] ZMETER DX4199 Mitispoi
h-i—i-nhni—hh-h-i-hn sk

3.2. Drivers Installation
For the device operation, a driver should be installed.

The latest driver, depending on the Windows version of the operating
system can be found at http://www.ftdichip.com:
http://www.ftdichip.com/Drivers/D2XX.htm.

You can see the installation procedure for a specific version of
Windows in the documents linked to the following webpage
http://www.ftdichip.com/Support/Documents/InstallGuides.htm.

After installing the driver, turn the power of the measuring unit on by
the switch "Power" on the front panel.
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Power

TEC1
FaS+S-F-

There should appear USB Serial Converter in the Windows Device

Manager.

Important! For the proper operation of the program tick off
the virtual COM port in the properties of USB Serial

Converter in the tab "Advanced".

Ceoitcrsa: USB Serial Converter

it 5B Serial Converter Properties

Owme | dononHurensHo ‘Dpamsep I CeeaeHus

[ General | Advanced [ Dver | Detais

USB Serial Converter

KoHepurypawa

WenonbsyiTe A3HHbIE HACTDOMKK ANA HSMEHEHWA CTSHADTHOM
KOHMIYP3LL/M YCTPOACTES.

G

[
USB Serial Converter
&

Configuration

Use these settings to ovemde nomal device configuration

Woeaven

I { 0K ][ Omvena H Crpaexa
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3.3. Software Installation

The program is distributed in the form of the installation file
ZMeterXsetup.exe.

As the program is designed to control multichanel Z-meters of
different types, the name of the device may be "DX4165".

The latest version of the program can be downloaded from the
company PromLegion website http://www.promin.ru/downloads/.

To install the program you should run the file (as administrator) and
follow the instructions that appear during the installation process.

¥, Z-METER DX4165 Series MultiPoint Setup =%

Welcome

Welcome to the installer for Z-METER DX4165 Series
MuttiPairt 1.5

It is strongly recommended that you exit all Windows programs
before continuing with this installation

If you have any other programs running, please click Cancel,
close the programs, and run this setup again.

Othenwise, click Neat to continue

Neds | [ Cancel |
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-
) Z-METER DX4165 Series MultiPoint Setup - . =5

_hstdldjnn Folder
Where would you like Z-METER DX4165 Series MultiPoint to be i

The software will be installed in the folder listed below. To select a different location, ethertype in a
new path, or glick Chanoe tn hrwse for an existing falder

i, 7-METER DX4165 Series MultiPoint Setup -e . )

Install Z-MET| Shortcut Folder
j| C:\Program Where would you like the shortcuts to be installed?

[ k|
. The shortcy g0 7| = . -
Space requin folder. you &) Z-METER DX4165 Series MultiPoint Setup - g

Space availa| Ready to Install
Shortcut Fi -Ynu are now ready to install Z-METER D¥4165 Series MultiPaint 1.5
RMT Ltd'q .

| The installer now has enough information to install Z-METER DX4165 Series MuttiPoint on your
computer.

@ Install §
© Make § The following settings will be used

i| Install folder: C:\Program Files (c86)"Z-METER DX4165 Series MuttiPoint

|| Shortcut folder:  RMT Ltd‘\Z-METER DX4165 Series MultiPoint

Please click Mext to proceed with the installation.

<Back | [ Neds | [ Cancel

During the installation you will be offered options of direction that can
be changed according to your preferences.

When choosing the disk, bear in mind that the program requires 20
MB free hard drive space (additional space may be required later as
your database is growing.
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i Z-METER DX4165 Series MultiPoint Setup . » Iﬁ

Installation Successful

The Z-METER DX4165 Seres MultiPoirt 1.5 installation is
complete.

Thank you for choosing Z-METER DX4165 Series MultiPoint!

Flease click Finish to ext this installer.

3.4. TE Modules handling

3.4.1. Preparations

Before measuring, it is necessary to keep the Z-Meter and tested TE
modules during one hour at room temperature.

'0 Attention! If Z-Meter was outdoors at low temperature for a
long time (temperature below +10°C), it is necessary to keep
Z-Meter at room temperature for not less than 2 hours.

3.4.2. TE Modules Connection

If the measuring terminals are used, connect your TEC. If possible,
eliminate air convection in the area of measurement. Place the
temperature sensor close to the measured module.
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i Z-METER DX4190 MultiPoint .
TECT TeCz Tecy Tece Tec TEGS TECT TEGR TEGO TEGID Sewa

|

If the testing unit is used, open the cover and connect your TEC to
the terminals. Mind the correct polarity.

Close the cover.
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4. SOFTWARE

4.1. Introduction
Before running the Program, the device should be switched on.

Run the program "Z-Meter".

File History Options Help
Cooler type ID | 1MLOE-023-03(0.5) ﬂﬂe[elence T[*C] 200 i‘ Mode : Single Stage
Ambient T ['C] = 24.8
R [Ohm]|ATimax [K] ‘grﬁla.x [K] |3Tmax [K] |Z-[x1:):)9.K-1' |Z'ix1333.1{-1' |Z[x11)3:)_1{-1' |I<-:tm5t [sec]|I§m5t [sec]|1cmst [sec]|Check
1| 153 67.70 63.10 67.90 2.66 2.69 2.68 140 : 1.40
? 153 67.60 6740 67.50 266 263 2.65 140 140 1.40
3| 153 68.50 68.60 68.50 2m 212 2.72 140 1.40 1.40 =
T 1.56 68.70 68.50 68.60 273 2m 2.92 140 140 1.40 .,.q—;)
E 152 67.40 67.70 67.50 264 2.66 2.65 1.40 1.48 1.44 }g
6| 155 67.90 63.00 68.00 268 2.68 2.68 140 140 1.40 =
E 154 67.90 67.70 67.80 268 267 2.67 1.40 140 1.40 8
3| 154 6830 63.00 68.10 270 2.68 2.6% 140 140 1.40 e
? 153 67.30 67.60 67.50 264 2.66 2.65 1.40 148 144
0| 151 67.80 671.70 67.80 267 267 2.67 1.40 1.40 1.40 Y,
N ( Tonechons N
& Default =1.05220 " Manual 1
IV Inter-pellets input = 0.03719 C None
Iv Joule heating = 0.00264 ;
W Leading vires = 0.01769 Corrections/
L coefficient field )
(" Controls )
. Current [mA] 3Dj|
‘_D_:ynamlrcs_ﬁeld Measuring Time [sec] 'IEIﬁI Contl’0| f|e|d
0 i i i i i i i i i i i i Time Step [msec] 4Di|
0.000.721.482283.043.844605406.166957.728.529.28
time, sec N ‘ Measure ‘ y
Device: DF4165-107 found

Program main window and its structure

If the device is properly plugged in and the program has found it, the
status bar will show the device ID:

Device: DX4165-107 fourd Mot Found
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If for some reason the program failed to discover the device, in the
status bar the information "Not found" will appear.

In this case make sure the device is rightly powered and plugging
into the PC is correct. Check if the USB drivers have been properly
installed and rescan the device (File->Rescan Device):

History Options  Help

Rescan Device l

4.2. Main Window

The main program window is shown above. Its functional structure is
common for three Z-Meter measurement options for:

e  Single-stage TE module;
e  Single-stage TE sub-mount;
e  Two-stage TE module.

The main window includes the following:

4.2.1. Menu
There are four items in the Menu bar.

e "File"

History Options  Help

Rescan Device
TEC Base Editor

Exit

Rescan Device. Rescan Device allows repeating search of the
device. It is applied if the program’s first attempt to find the
device failed.
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TEC Base Editor. TEC Base Editor allows editing the TE

modules data banks (see “Database Update”).

e  "History"

Show - displays or hide the History window.

Cooli
Ambie
R

alo ]| w o ]s]

Show

New
Load

Save
Print
Comment

Add to History

File | History | Options  Help

New - creates a new history.

Load - downloads the history from the history file.

Print - allows printing the history.

Add to history - allows inputting the results manually.

=) S |

) |Z o005 [ Teonst [sec)| Thonst [sec] | Teonst [sec]| =

ZE History - AR
R [Ofun]| s Tiva [K] |2 T (K] [sTman (K] [Z7s00 6™ | Zfaooo e
1ML06-029-09(0.5) Ambient T [°C] = 24.8 Reference T [°C] = 20.0
1| 133 &m0 68.10 67.90 266 269 2.68
2| 133 | e7e0 6740 67.50 266 263 2.65
3| 133 e 68.60 68.50 271 27 272
1| 156 | esw0 68.50 68.60 273 27 272
5| 152 a0 67.70 67.50 264 266 2.65
6| 155 | 6790 65.00 68.00 268 268 2.68
7| 154 6790 67.70 67.80 268 267 2.67
5| 154 | 6830 63.00 68.10 270 268 2.69
0| 153 6730 67.60 67.50 264 2,66 2.65
0| 151 6780 67.70 67.80 267 267 2.67
4
Cp d |cp-5°/, |Cp+5°/= |Min |Max
R 0.0 148 1.61 1.51 156
z 268 0.03 254 20 265 272
Teanst  [1.41 0.0z 1.3 148 1.40 1.44

140
1.40
140
1.40
140
1.40
140
140
140
1.40

140
140
140
140
148
140
140
140
148
140

140
1.40
140
1.40
1.44
1.40
140
140
144
1.40 -
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e "Options"

Options | Help

| Resistance Mode

TEC Base 3
Cooler type 3

v Auto Save History
Auto Add to History
v Auto Load Tecs Settings

<

-

Heater

Print Statistics

Calculate Statistics

T . o e

L e T ]

[

Resistance _mode - allows measuring TE module resistance
only.

TEC base allows selecting a TE modules data base of a
manufacturing company.

Cooler type allows selecting a system type to be measured (a
single-stage TE module; a single-stage TE module in a housing
(on a header) - TE sub-mount; a two-stage TE module).

Auto Save History allows saving a TE module’s measurement
history automatically. After your exiting the program, the history
is automatically saved in the directory \History. The file name is
formed by the current date and time.

Auto Add to History automatically adds the measurement results
to the history.

Auto Load TECs settings automatically loads/saves the
measurement settings (electric current, frequency and
measurement time) for each TE module measured.

e "Help" gives information concerning the software "Z-Meter".

Help
! About l
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4.2.2. "Reference" Bar

There are two fields in the Reference bar.

Cooler type 1D THLOE-029-09(0.5] jﬂeference T ['C] 200 il

Cooler type 1D |G bl - ||
Ambient T [°C] =i
1MLOB-123-034N
R [Ohm]| A T3 1MLOG-031-054N
T 13 1MLOB-031-098N
RS 1MLOB-035-054N
2| 153 g1MLOB0350%
— 1MLOE-135-10
3| 153 | 84i05.050-056M025
1| 156  g1MLOG-OS0-05ANO5
P 1MLOB-050-124N
9| 152 | G1pT0300413 0
6| 1.55 1M T03-008-13
— 1MTO3-012-07
7] 154 QMTOR-01213
5| 154 1MTO3-015-13 =

The field "Cooler type ID" gives a list box for selecting a TE module
type to be tested.

The field "Reference T" serves for the reference temperature input.
The values R and AT,,,, are recalculated to this temperature. The
temperature step is 0.1 K.

Besides that, you can click the right mouse button in the "Reference
T" input field.

The following list is to fall down:

Reference T [*C] |EI 21

20°C
— 30°C
= K] |Zhooox™) |ZH

90 266 Ambient T

reEo Errs

You may choose a value from standard reference temperatures (20

and 30°C) or use the measured ambient temperature Tympient @S @
reference.
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4.2.3. Functional Fields
There are four functional fields in the main window (Section 4.1):

e "Control Field" presents the following measuring parameters:
electric current, total time of measurement, time step.

Controls
Current [mA] a0 jl
Measuring Time [sec] 40 il
Time Step [msec] 40 il

| Measure |

The button "Measure" starts the measuring procedure.

e "Dynamics Field" depicts the chart window of the Seebeck
voltage U,(t) temporal behavior telemetry: measured and
interpolated at two current directions.

Seeback voltage, mYy
P
[

D T : : : : : T T T T T
0.001.40 2.95 4.52 6.08 7.64 9.20 11.00 13.10 15.20 17.30 19.30
time, sec

To see the Seebeck voltage U, (t) dynamics of a selected TE
module, one should choose it in the Results field. The selected
TEC number is then identified by the green color.
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. "Corrections Field" contains calculated corrections values
(see Chapter 6.3).

It allows switching a certain correction ON or OFF. As an
alternative it provides a general coefficient A (see Section

6.3.3).
Carnections
&+ Default=0 " Manual 1
[v Inter-pellets input = 0 © Wone

[v Joule heating =0
[v Leading wires =10

For this coefficient calculation it is possible to choose one of the
three following approaches:

1) Default - using the corrections calculated in the corrections
field (only for the TE modules fully described in the
database);

2) Manual - using a User's own coefficient value A, manually
inputted;

3) None - using neither corrections nor coefficients at all.

e "Results Field" contains the following measured/calculated
results for all the 10 channels:

1) Electrical resistance R of the TE module;
2) Ambient temperature Tympient;

3) Figure-of-Merit Z of the TE module (for two polarities and
averaged);
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4)

5)

Ambient T [*C] = 20

Maximum temperature difference AT,,,, of the TE module
(for two polarities and averaged);

Time constant T of the TE module (for two polarities and
averaged).

R [0hm]| s Tinax [K] |3Tfnax ] |_’\Tmax ] |Z-[x1:):):).K-1' |Z+[x13:):).K_1' |Z[x1:):):)_1{_1' ‘Témsl [sec]|'[<+:onsl [sec]|tcon5t [sec]|Check

1] 154 63.90 66.30 66.10 253 238 2.57 140 140 1.40
T 1.53 65.70 65.80 65.70 254 254 2.54 140 140 1.40
T 155 66.70 66.90 66.80 260 261 2.60 1.40 140 1.40
T 1.56 66.80 66.80 66.80 261 2.60 2.61 140 1.40 1.40
? 1.53 63.70 65.80 65.80 254 2355 2.54 1.40 148 144
T 1.56 66.00 66.20 66.10 2356 2357 2.56 133 1.40 1.37
T 1.55 63.80 65.90 65.80 2353 233 2.55 1.33 1.40 1.37
T 155 66.30 66.40 66.30 257 258 2.58 133 1.40 1.37
? 1.54 65.60 65.60 65.60 253 2354 2.53 1.40 1.40 1.40
E 1.52 66.10 66.00 66.00 256 256 2.56 140 1.40 1.40

While TE modules are being tested there can be a situation
when a TE module line in the Results field is colored red. It
occurs in two cases:

1) The measured TE module has a break in a circuit or a bad
contact in its terminals (see TE module 3 in the figure
below). In this case check the contacts and redo the
measurement.

[ 1.53 63.30 66.20 66.00 254 237 156 140 140 1.40

152 65.60 6350 65.50 2353 253 253 140 140 1.40

1.56 66.70 66.50 66.60 2.60 239 259 140 1.40 1.40

152 65.60 65.60 65.60 2353 253 253 148 148 1.48
2) For large powerful TE modules at a high current the electric

voltage applied to the module exceeds the device
constraint. In this case there only appears a measured
resistance value and the TEC line is red colored (see TE
module #8 in the figure below).
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1.54 63.60 63.90 65.80 254 233 2.54 133 140 137

3| 154

‘ 158 63.70 66.10 65.90 234 256 255 133 140 137

Make your measuring electric current lower and retry the test.

4.3. AC Resistance Measurement

For measuring AC electrical resistance only (of a TE module or a
resistor) it is necessary to choose Resistance Mode in the menu
"Options". The results are offered in the main window:

R[Ohm]|ATfﬂax [K] |3Tfnax [K] |_~.me K] |Z-[x1333.K-1' |Z+[x1333.1{_1' |Z[x1333.K-1' |Téonst [sec]|I<§rmst [sec]|Icrms
1.53
1.53
1.55

[ [ [

4.4, Measurement Presets

4.4.1. Temperature Setting

The parameters of TE modules (R, AT,,4,) can be recalculated to
various temperatures (see Chapter 6.3 as well as Section 4.2.3).

'ol Attention! The standard temperature is 27°C, other
\ manufacturers may apply their own values.

Select the proper temperature value from those suggested in the list
"Reference T".

If there is no required reference temperature in the list, enter it
manually.

4.4.2. TE Module Type

Choose a type of a TE module to be tested from the "Cooler type ID"
list. The list represents TE modules data base selected via the
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command "File"-"TEC Base Editor". RMT is the default TE modules
base.

¥ [ I ]
rII

ry Options Help

£ 1D R
'] 4 1MTOE-032-16 -
! 1T 06-056-13 —

ATg IMTOB-056-15 3
TMTOE128-13 B

TMTOE128-16
1MTO7-008-13
1MTO701212
1TO7-018-13
1MTO 2
1MTO7-032-13
1MTO7-041-12
1MTO7-056-13
1MTO7128-12
TM=06-047-10
1M0E-063-05 b

The following window reports that one or more parameters of the TE
module selected is/are absent:

-
Information .. @

% Some parameters are missing.
¥ No corrections will be applied.

If a necessary TEC type is absent in the list, you should introduce
the TE module parameters to the database manually (see Chapter
"Database Update").

Attention! If no information on parameters of a tested TE
module, you may choose the corrections/coefficient default
mode and the TE module test results will exclude any
corrections (in this case in the line "TE Cooler Type" the
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module type is "Default™).

4.4.3. Correction Coefficients

With all TEC parameters available, the corrections as well as their
equivalent coefficient A are taken into account by default (see
Equation 6.3.3.1).

It is possible to switch this or that correction on/off with the help of
corresponding radio button pairs on the "Corrections" field. The
Results window fits the changes automatically.

Corrections for Z-metering

Symbol Description Notes
Allows for the inequality of the ambient For single-stage
by temperature and the average modules only
temperature of a TE module

b Allows for additional heat fluxes For single-and two-
i between pellets stage modules

b Allows for external heat fluxes For two-stage
a modules

b Allows for additional electrical For single-and two-
r resistance of leading wires stage modules

Therefore, a User is given an opportunity either of taking into
account the corrections via the calculated values selected by a User
and their equivalent coefficient A (by default) or using one’s own
value of A, or refusing all the corrections.

4.4.4. Package Thermal Resistance

For taking into account a header thermal resistance for measuring a
TE module sub-assembly Figure-of-Merit Z it is necessary to input
the average values of the following parameters of the package
header:

1) material thermal conductivity
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2) average thickness

3) area of the TE module - header contact.

'ol Attention! The temperature of a TE module changes

\ ' slightly owing to hands touching. Besides, the measuring
procedure induces a slight TE module average temperature
increasing. So maintain a pause of about this test 3 time
constants before the next one. This time should be enough
for the TEC to achieve heat equilibrium with the ambience.

4.5. TE Module Polarity Verification

To use this function mark "Check Polarity" in the sub-menu "Option-
Heater".

Options | Help

] Resistance Mode ['C]|20.0 jl
1
4 TEC Base 3 < Tor = =
1 Tl , LK '|Z[x1:):):).K 1 |Z[x1:):):).K 1
38 am 2.69
v | Auto Save History 7 265 2.66
v | Auto Add to History 3 2.74 2.73
v | Auto Load Tecs Settings 4 12 2.73
v 147 2 &7
Heater » | v Check Polarity
Print Statistics Heater on Period
Calculate Statistics [’ == =
- 3 267 2.66

The polarity checking is made automatically for the direct polarity
measuring. The procedure involves comparison of the average
voltage values before and after the heater switching on. The
verification data is displayed for all the 10 channels. For the right
polarity the result is "OK", otherwise - "NOK".
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Check

0K
0K
0K

The time of the heating can be set manually. To do that it is
necessary to select the menu item "Option->Heater->Heating
Period".

The following window pops up. One can set the heating period in it
(in seconds).

Enter Heater on Penod [zec]
E

0K | Cancel

4.6. TE Modules Database Update

If the parameters of a TE module you are going to deal with are not
introduced in the database, you can add them yourself. To do that,
you should know the following parameters of the TE module:

1) TE module cold and hot sides dimensions

2) Pellets number (for a two-stage TE module the pellets numbers
ratio)

3) Pellet cross-section

4) Pellet height

5) Leading wires material
6) Leading wires length

7) Leading wires cross-section.
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¢ | Options | Help

0
d

Y

Choose a database you want to edit (see the figure above). Select
the "File" - "TEC Base Editor" command from the "Main" menu. The

Resistance Mode [*C]|20.0 jl
» | @ RMT_BASE E
3 USERS_BASE

window titled "Add TE cooler" will appear as shown below.

There are two logic fields in the window: "Cooler" and "Leads", as
well as a control line.

Add TE Cooler " = @
1HC04-004-05 One Stage . Twa Stage

THC04-004-028 Cooler

1hC04-004-10

1MC04-004-12 Cooler [D Mew

1MC04-004-15 Cold size dimenzions [rmm = mm) EX &
luggigg;gg Hat size dimensions [mm % mm] G 8
1MC04-007-10 Ceramics thickness [mm) 05
1MC04-007-12 Pellets rumber 36
THC04-007-15 emrh "
{MCD4-D08- 05 TE pellets crgss section [mm « mm) 0EX 0O&
1MC04-002-08 TE pellets height [mm] 1
1hC04-008-10

THC04-008-12 Per a'wire

1 mggi&ﬂgag Electrical resistivity [+E-6 Ohm  m] 167
1pC04-01 0-07 Thermal Conductivity [ fmb] 1]
THC04-011-039 Length [mm] 35
ThC04-01 2-04 smrh ~

MO0 205 Crogs-section [mm™2] 0.057
AkAT0A 0T A0

| MNew [[ Delete || AddModiy

When you add a new TEC, press the button "New" in the control line.

Enter the necessary parameters and click "Add/Modify".

You can also edit or delete a TE module existing in the database. To
do it just select the TE module, make appropriate changes in the

data and click on the "Add/Modify" button.

To remove the TE module from the database, select it and click on

the "Delete".
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5. MEASURING IN TEMPERATURE RANGE

Using the Z-meter DX4190 with the thermostat DX2100 (an option)
allows you to obtain the dependence of the measured values on the
temperature. These are R = f(T°C); Z = f(T°C); AT = f(T°C);
T = f(T°C). In this procedure a special thermostat chamber cover
should be used.

Attention! The thermostat DX2100 in an optional. Should be

¥ ordered separately.

The measurements of thermoelectric modules at different ambient
temperatures yield temperature dependences of the form:

R AT
53.432 75433
g.072
7471 67.877
7.092 63,904
6,764 f u T t 561,191 % t T T T
1.3 9.9 151 34.9 41, 1.3 9.9 181 34.941.7
Z Time const
2.691 1.677
2.632
2.554 1.56
1.4582
2.353 % r ¥ 1.405 —% t T
1.3 9.9 1541 34.9 1.3 949 1841 34.9

To set up and maintain the necessary temperature the thermostat
DX2100 is used.

The process is automated and described below.

To connect to a PC, there should be two free ports USB.

5.1. Thermostat Connection

1. The thermostat is connected to a computer by a standard cable
USB.
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For the connection to Z-meter, use the thermostat chamber
cover with probes:

Connect the ribbon cable from the cover to the Z-Meter terminal
with channels 6...10.

Switch on the Z-meter and thermostat.

. Additional Tools

Select the item "Fan" in the menu "Options"-"Additional
Tools".
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File History | Options | Help

Cooler type ID Resistance Mode ['C] 464 il

TEC Base 3
Cooler type 3

= "+ -1
LK Z 1000, K Z [x1000)

v | Auto Save History
v | Auto Add to History
v | Auto Load Tecs Settings

Additional Tools 3 Mone
v Print Statistics Heater
Calculate Statistics ®  Fan
Properties

In the thermostat cover there is a cooling fan. This option serves
to activate it.

While the thermostat is achieving the set point, the fan driven by
the Z-Meter DX4190 works in the chamber (in the cover). It
makes convection more effective and temperature distribution
even. Before starting the measurement of thermoelectric coolers
the fan is turned off.

"FAN stabilization" is the time during which the program will
wait after the fan turning off before the start of the
measurements. The default time is 8 seconds.

It is recommended to choose the setpoint stabilization
parameter at least 300 seconds ("Setpoint stabilization").

2. Enter the settings menu "Options"-"Additional Tools"-
"Properties" or click on the fan icon in the lower right-hand part
in the program main window.
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ZE Properties [ =R ﬁl

Setpoint stabilization [sec]: | 300 E,

Fan stabiliztion [sec]: 3 E.

[ Thermostat setpoints

[EE: Add
> 0
Edit
Remove

Clear All

Set the desired values of stabilization time:

"Setpoint stabilization" is the time to wait after the thermostat
set point achieved to start the measurement. It ensures
minimum fluctuations of air temperature in the chamber after the
start of measurements.

"Fan stabilization" is the time during which the program will
wait after the fan turning off before the start of the
measurements;

The default values are shown in the figure below.

3. Tick off "Thermostat setpoints". The program tries to connect
to the thermostat DX2100, as a result the thermostat status
additional window is open. The window "Properties" displays
current values of the temperature range, status, operational
mode and temperature set point.
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DX2100 State

322

=

Mode - Single Stage

Z§ Properties

-:E.Q

TSet
»

22 24

Time Step [msec]

Setpoint stabilization [sec]: | 300 37

Fan stabiliztion [sec]: [ 8]

:

Clear Al

@ Dx2100.100
Work range between -57.00 °C and 90.00 °C
Temperature: 23.7 °C

0x0000

[¥ Thermostat setpoints

LOCAL MODEW

Measure

0 Setpoint [°C]: 25.0
Tlcl: 23.7
Mode: PID OFF

+/ DX2100.100

Status: | 0x0000 | LOCAL MODEN

|Setpoint [Progress
» ]

> Cancel [@ Report

Adding and editing a number of set points at which it is
supposed to perform measurements is carried out using the

buttons "Add", "Edit", "Remove", and "Clear All".

Add necessary measurement points:

If the thermostat is in the local mode, press the button "Ok".

-

Add Setpoint

=S

Enter value [°C]:

|-10]

Cancel

The warning will pop up:
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r B
Warning M

\ DX¥2100 LOCAL MODE!!
; IL Press "F2" on device control panel.

Cancel
h
= % T ox2100 State
2 & Made - Single Stage @ setpoint [°C): 25.0
Teck 23.6
1Zhawox™ |Zrmoeox™ |Teonst [secy| Thonst [sec]| Teonst [sec]|Checte . om orF

" DX2100.100

oo 1.
Z} Properties = Status: | 0x0000 LOCAL MODEM

Setpoint stabilization [sec]: I 300 E
Fan stabiliztion [sec]: 8+

Setpoint |Progress

¥ Thermostat setpoints 10
0
TSet [ - Add H 0
10 I
ILd 30

Remove M

10 [—

0

soU [ cea | B
e

T @ Dx2100.100
Work range between -57.00 °C and 90.00 °C
Temperature: 23,5 °C

0x0000 -

el T 11

LOCAL HODEM

%
|

# Cancel [, Report

To switch the thermostat to the operational mode under the PC
control, press the function key "F2" on the DX2100 control

panel.
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&
T
LEFT. @RIGHT

5.3. Measurement

Select an appropriate type of modules and correct the measurement
parameters, if necessary (current, measuring time and telemetry
period — time step):

&E Z - Meter I

File History Options Help

Cooler type ID |1MCOB-060-05 ﬂ
Ambient T [*C] JILELEN T . |

1MC06-060-08

| TMCOE-060-10
1MC06-060-12
TMC06-060-15
1MC06-070-05
1MC0E-070-02
TMC0E-070-10 [
TMC06-070-12 [
TMC0E-070-15
1MC06-126-05
TMET0-127-15
TMET4127-12
1MET4127-1E
MET4-127-25 i

Press the button "Measure":

Caontrals
Current [mA] 1Di|

Measuring Time [sec] | 20 il ﬁ
Time Step [msec] 40 il @‘

| Measure |
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The thermostat starts temperature control:
e  From the lower set point;
e Indication is displayed in the field "Progress";

e  When the set point is settled, thermoelectric module
measurement is started;

o Entire measurement cycle is automated;

e If necessary, the measuring procedure can be interrupted:

| =]

b 2

The measurement cycle will begin. The whole measuring process is
displayed on the screen as follows.

e  "Progress" displays the status of set point settling;
o Dark-green highlights the line at the time of Z-metering;

e Light-green highlights the lines at which the measuring is over;
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DX2100 State DX2100 State
@ setpoint [°ck: 0.0 (2 setpoint [°C): -10.0
Tock -0.0 T[eck 23.8
Mode: PID RUN Mode: PID RUN
W DX2100, 100 w# DX2100. 100
Ststus: | 0x0140 | PC MODE I Status: | 0x0040 | PCMODE
Setpoint ‘Progress
I -10 %
f | 0
|| 10
I || 20
30

A o B o

=

ZEZ- MeterD

DX2100 State

File History Options Help

Cooler type ID | TMCOE-050-05 _~|Reference T['C] 281 3]

Ambient T ['C] = 28.1

Mode : Single Stage

Comectians +” Checkingthe measurement resull

554
S04-
> & Default=1.04620 © Manual
N [¥ Interpellets input = 0.03424 £ Hore
B [ Joule heating = -0.00812
T [ Leading wires = 0.00385
g zg it
£
&5 Current [mA]
0 Measuring Time [sec] %
&= Time Step [msec]

0.001.40 296 4.52 6.08 7.64 920 11,00 13.10 15.20 17.30 1930
time, 385

Measure |

Device: DX4165-10 found )

@ setpoint [°C]: 30.0
TIeck 27.3
Mode: PID OFF

" DX2100.100

Status:

0x0040 PC MODE I

"

Cancel
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After the end of the measuring procedure, the results can be viewed
by clicking on the button "Report":

rﬁpreview - E@g‘
SEHLAR|(Ren -AE | EEAEH| 1442 P cose |

X IR PR E RN ECE R R T ERE LR IR T PR E RN ECX NI IT PR E L]

m

R e e
69 12 105 187 zEl

IPageZ of 2 A
b

The generated report can be saved, exported to various formats or
printed.

6. THEORETICAL GROUNDINGS

6.1. Time Constant Measuring

Let us consider a single-stage TE module. The ambient temperature
is T,. At a certain moment t = 0 electric current is applied to the
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module. The differential equation describing transient dynamics for a
pellet of the TE module can be presented as the following
exponential superposition:

AT (t,x) = EAnUn(x)e‘m"t + AT (%) (6.1.1)
i=1
where

AT(t,x) =T —T,,

T - temperature of the pellet point located at a
time t and a generalized coordinate x,

U,.m, - the eigen functions and eigen-values,

A, - thermal amplitudes,

AT (x) - stationary AT value.

The solution (6.1.1) analysis yields that the cooling process can be
divided into two stages: irregular and regular. The first one is dictated
by the initial moment's conditions and is described by a multi-
exponential interference. This phase fades out rather quickly and in
case TEC pellets thermal conductance is high enough, the temporal
behavior can be characterized by the only exponent, i.e for all
possible n:

Mpmin K My (6.1.2)

The theory yields the following expression for the time constant
T = 1/my,,;, of a single-stage TE modules:

LC,C,

T =

(€, + Cy) (1 + Lkﬂ) sokoN (6.1.3)
0

Where
C; , C, - TE module cold side and hot side heat capacities,

a - TE material Seebeck coefficient,
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ko - TE material thermal conductivity,
N - TE module pellets number,

L - pellets height,

So - pellets cross-section,

J) - electric current density.

As Eq. (6.1.3) shows, T calculation is stumbling because in practice
the values involved are never known with accuracy required. The Z-
meter allows measuring time constants of single-stage TE modules
and estimating those of more-stage ones.

6.2. Interpolation Results

The procedure of handling the time constant measurement data is as
follows.

The temporal behavior of a single-stage TE modules temperature
difference AT(t)is measured via the Seebeck voltage that is a
corresponding proportional value:

Uy~AT (6.2.1)

For a two- or more-stage TE module this simple ratio is not
applicable. However the time constant can be estimated by the
temporal dependence of the Seebeck voltage and the approach for
obtaining the stationary voltage values is the same.

'.0.' Note! TE module time constant 7 is the time during which TE
: module temperature difference AT grows from 0 to 0.63AT;
(T is steady state AT value) at electric current turned on.

The measuring procedure is carried out both for two electric supply
polarities. The data collection duration and time step can be varied.
The measuring time duration and step can be varied, too.

The measuring chart window is presented on the Figure below.
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T T T T T T T T T T T T
.00072148322833.043.844605406.1660967.728.520.2
time, sec

Measuring window of TEC dynamics

The obtained experimental data is then fitted by the following
function:

Uu(t) = Ugy (1 — e /1) (6.2.2)

The exponential regression is based on the method of least squares.
As its outcome, the procedure provides the time constant T and the
stationary Seebeck voltage U, .

6.3. Figure-of-Merit Z Measuring

6.3.1. Single-stage TE Module Z

Among the parameters (R, Z, AT, 4, T), measured by the Z-Meter

the AC resistance R is the only measured directly. The R
measurement method is described in the Section "AC Resistance
Measurement".

The determination of the Figure-of-Merit Z and the maximum
temperature difference AT,,,, of a TE module implements an
indirect method, which allows avoiding labour-consuming
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thermophysical measurements. This approach is based on the
Harman method.

The Figure-of-Merit Z is one of most important parameters of a TE
module. In a simplified form it may be defined as:

a
7= (6.3.1)
kR
Where:
a - TE material Seebeck
coefficient, T s
R - TE module pellet electric ﬁ Q’
resistance, e 111111 N
k - TE module pellet thermal @’
conductance. &

Hereinafter we deal with the stationary mode values only (if not
mentioned otherwise, see Section 6.1). The base equations that
describe a single-stage TE module thermal balance are as follows:

1, ag
aITo__I R_k,(Tl_T0)=_(Ta_T0)

% CllV (6.3.1.2)
alT, + E12R —k'(Ty—T,) = Nl(T2 —T,)

where
I - electric current,
R - electric resistance of a TE module pellet,
Ty - TE module cold side temperature,
T; - TE module hot side temperature,
T, -ambient temperature,
N - TE module pellets number,
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ay - heat exchange coefficient for the cold side,
a,; - heat exchange coefficient for the hot side,
k' - efficient thermal conductance of a pellet allowing for

additional heat fluxes between the pellets.

We assume that the heat exchange coefficients meet the following
requirements:

2wk B 6.3.1.3
0 k!, (63.13)

We also suppose that electric current is small:

!

[ K — (6.3.1.4)
a

Attention! We recommend the measuring current [ =
0.01 I,,4,- See I,,4, Values inthe TEC specifications

To the accuracy of the first-order infinitesimals of the values (6.3.1.3)
and (6.3.1.4), we obtain for Z:

z—l[
=7

Ua] A+ b)) +by) (6.3.1.5)
Url,, (1+bg)
Where

U, =Na(T; —T,) - TEC Seebeck voltage,

Ug = NIR - TEC Ohmic component of the voltage.

The ratio of the voltages U, and Uy in Eq. (6.3.1.5) must be
averaged for two directions of the current (the index AV =average),
as it eliminates expressions depending linearly on the current and
allows extracting the corrections by, b, br.
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The value by, is the correction for additional heat flux between the
pellets; b, is the correction for leading wires electric resistance; by is
the correction allowing for inequality of the TE module average
temperature and the ambient temperature.

The values a, a; are estimated with account of free convection in
the air and of thermal radiation: a1 = (&cony + Araq)So,1, Where
Ueonvy Arqa are thermal exchange coefficients of convection and of
heat emission calculated for each TE module individually, Spand S;
are the surfaces of the cold and hot sides of the TE module tested.

Eq. (7.1.5) remains fair if inequalities (7.1.3) are modified as:

a
WO =< k', ay < a, (63.1.6)

That means that the method allows finding the value Z of a TE
module when the heat exchange on one side of the module is
intensive enough. Therefore, the Z-Meter enables testing of a TE
sub-assembly: TEC mounted on a header. In this case the value a;
is the header thermal resistance (calculated by the Program).

The measured Z of a single-stage TE module allows estimating
AT, 0, Of the module at the hot side temperature T;:

J1-2ZT, — 1 (6.3.1.7)
ATmax(T) =Th ——————

6.3.2. Two-stage TE Module Z

For a two-stage TE module Z can be estimated with the help of the
Harman method and can only be regarded as a criterion of an
average quality of pellets if certain requirements are met.

Here are heat rate equations for a two-cascade TE module:
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1 .
(@ITy—=12R — k' (T, = Tg) = 22 (T, — Ty)
2 N,
1, ! a1
alTq +§I R—k(T{—Ty +N—(Ta —-T1)
4 N 1 ! (6.3.2.1)
2 !
=N alT, — EIZR — k(T — Tl)]
1 7
@ITy +=1PR— K (Ty —Ty) = 2(T, - T,)
2 N,
Here h
Ty 1, - substrates temperatures, ;_ﬂ @ N
T, - ambient temperature, ;r:“"x, k- N
S| 111 s
N;, -numbers of pellets on the ¢ @ :
stages, h.

ap1,2 - heat exchange coefficients for
the cold, hot and medium substrates, respectively.

Let us assume that the ratios of the heat transfer coefficients a, and

a, from the surfaces Sy and S, to the pellets number N;, N, are the
same:

a, a (6.3.2.2)
— =—=a = const
Ny N,

The first and third equations of (6.3.2.1) can be written as:

1
alTy —=I1?R —k'(T; — Ty) = a(T, — T,)
2 (6.3.2.3)

1
alT, + EIZR —k'(T,—T,) =a(T, —T,)

If temperature differences on the cascades can be considered equal:
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we obtain:

Z—l[U“] (1 + by, + by + b,)
Ta URAV th a T

(6.3.2.5)

I-o-l Attention! In real testing Eq. (6.3.2.4) is not rigorous, and Z
(6.3.2.5) is only a relative criterion of a TE module quality.

Here by, is the correction for additional heat flux between the pellets;
b, is the correction for external heat fluxes; b, is the correction for
leading wires electric resistance. The value a is estimated by the

software taking into account free convection in the air and heat
emission.

Averaging the voltages ratio (6.3.2.4), though mathematically not
obligatory, is carried out similarly to a single-stage module case for
accuracy purposes.

6.3.3. Alternative Correction

It is convenient sometimes to reduce all the corrections discussed
above to a certain coefficient A. Then Egs. (6.3.1.5) and (6.3.2.5) can
be written as:

1
z=4z|

Ua] (6.3.3.1)
Ta AV

Un

The coefficient A can be also obtained empirically by correlating
directly measured AT, ,, and the value obtained by Z-Meter.

7. MEASURING PROCESSES

7.1. AC Resistance

AC resistance is measured by applying a small AC signal to TE
module. The AC is generated by a “Commutator” (switch), which

page 54 of 62 ver.1.11 (2016)



Z-Meter DX4190/ User Guide PromLegion Ltd

periodically (with 50% duty circle) reverses a circuit of the reference
current I,,,. The “Commutator’s” simplified diagram is shown below.

If there is no input signal, the output voltage of the instrumentation
amplifier equals to E,,, /2, where E,, = 4.096 V.

E Im o
m | cument |— - < 5
o " o
source : o
:A—‘ 1=
L < i
I = "
A
Instrumentation
Amplifier
- T Lol T -
+Ep/2 J ------------------------------------------------ r
0 i L5} [£] L, | f2n.2 |l2n-1 |l2n
Upy Uny; Upz Un; Un,.; Upy Uny,

AC R testing simplified diagram

Output signal of instrumentation amplifier when AC R is tested

During AC resistance measurement the output voltage of the
instrumentation amplifier is sampled and measured by a 12-bit ADC

each time before reversing the current [,,,.- The sampling points are
marked as t; in above figure. The voltage drops on TE module for
the positive signal (Uy;) and negative signal (Uy;) are used for a TE
module resistance (R) calculation by the following formula:

ver. 1.11 (2016) page 55 of 62



PromLegion Ltd Z-Meter DX4190/ User Guide

?:1(Upi - Uni) (7-1-1)
2L, Ayn

R =

where
Ay “voltage gain of the instrumentation amplifier;

n - total number of readouts per measurement.

Typical values of parameters in formula (7.1.1) are:

L, =2mA,
Ay =5o0r50,
n =50.

7.2. The U and U, Telemetry

During measurement of the parameters U and U,, a small current I,,,
is applied to TE module periodically (with 50% duty cycle).

Two successive measuring sessions are necessary to obtain the U
and U, values at different testing current polarities.

Testing current

o1 [ — 2 1 [

TE module total and Seebeck voltages

Testing current and voltage schematic temporal behavior
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7.3. Voltages for Testing Z

Equations (7.1.5) and (7.2.5) contain both Uy and U,. These are the
voltage values referred to the time t at which the process becomes
steady.

The Seebeck voltage U, in (6.3.1.5) and (6.3.2.5) is equal to the
stationary value Us; obtained by the interpolation procedure (see
Eq. (6.2.2)).

The Ohmic voltage drop Uy is also calculated with reference to the
steady-state time t. It should be done for the reason the TE module
resistance R undergoes a change due to a slight evolution of its
average temperature. At the current I = 0.011,,,, it may have
about 1+1.5 % growth. So, the value Ugp is resulted from the
following averaging over the last 10 time points of the testing
procedure at one current:

1 3.
Ue=15 D U6~ Ualt) .

i=(N-10)

Attention! Make sure the measured TE module has reached
the steady state. To assess it, the telemetry capability is
available (see dynamics window).

7.4. Checking of TE Module Polarity

To verify a TE module polarity the Z-Meter involves a procedure of a
short-time heating of the bottom substrate of the module when
finishing the procedure of voltage measuring on "direct” polarity.

The averaged voltage Uj, measured while heating is compared with
the value U, averaged over last 10 points of U,:
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1 _ (7.4.1)
V=15 ). Ualt)

iz(N-10)
If the TEC polarity is right:
U, > U, (7.4.2)
In case of the polarity confused:

v, <Uu, (7.4.3)

8. MAINTENANCE
The Z-Meter does not require any particular maintenance or service.

Nevertheless if for any reason you feel doubtful about the device
accuracy, you can check it by measuring a precision resistor instead
of a TE module.

The “R-meter” program should be used. We suggest measuring a
resistor of 5 to 20 Ohms. Measure the resistor by “R-meter” program
and digital multimeter with accuracy the same or better than 3
decimal digits.

Compare the data obtained. If the difference in the resistance values
is within 0.5%, the Z-Meter can be further used for measurements.
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