m PL Engineering Ltd.

TEC EXPERT DX8020
User Guide

Moscow, 2022

version 2.01







TEC Expert DX8020 User Guide

WARRANTY

PL ENGINEERING LTD warrants that the TEC Expert DX8020, if
properly used and installed, will be free from defects in material and
workmanship and will substantially conform to PL ENGINEERING’s
publicly available specification for a period of one (1) year after date
of the TEC Expert DX8020 was purchased.

PL ENGINEERING LTD 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 TEC Expert fails during the warranty period PL ENGINEERING
will repair the TEC Expert or replace it or its parts.

For the warranty support a Consumer can address to the office of the
company PL ENGINEERING 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 pe-
riod, please, address:

In Russia and CIS

PL Engineering 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 User’s Guide is to provide thorough information for studying and
handling the TEC Expert model DX8020 (for brevity further can be
referred to as the DX8020).

It is only the personnel acquainted with all the sections of this guide
who can operate the facilities.

The DX8020 is meant for measuring parameters of thermoelectric
(TE) single-stage and multistage modules — Table 1.

Table 1
Measured Parameter Designation Notes
TE module temperature difference versus AT = f(I)
electric current at zero heat load Q = 0
TE module maximum temperature difference AT
at zero heatload Q = 0
Electric current at which AT, is achieved [ o
L& o ko otage versussectic U=/ moaguremens
Electric voltage at which AT,,,, is achieved Unmax
TE module temperature difference versus
heat load available at electric current fixed Q=f(4T)
Maximum heat load capacity at I,,,,(AT = 0) ()
TE module Figure-of-Merit Z
TE module electric resistance R
TE module time constant at 0.01/,,,, T Z-metering
Average Seebeck coefficient of TE material a

Average electric conductivity of TE material

The TEC Expert DX8020 provides capability to measure complete
performance specifications of a TE module at one measuring cycle.

The DX8020 is intended for acceptance, qualification and research
testing of TE modules.
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2. SPECIFICATIONS

2.1. TE module parameters

The ranges of the parameters of single- and multistage TE modules
measured by DX8020 are given in Table 2.

Table 2
Measured parameter E:tisé% Units Range Accuracy
Temperature T °C -120...+85 *0.3°C
(';’I'f"’f‘é'rr:r‘:g temperature AT, °C 0..140  #0.3°C
TE module electric current I A 0...6 +3 mA
TE module electric voltage U \Y, 0...16 3 mV
Maximum heat load OQmax W 20
Maximum electric power Pnax W 30
0.6 %
AC electric resistance ACR Ohm 0...100 but not better
than 0.01
Ohm
TE module Figure-of-Merit Z 1020/ 0..4 15%
Time constant T S 0...10 1.5%
Average Seebeck coefficient a puVv/K 100...300 10%
Average electric conductivity o }éﬁhm 400...2500 10%
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2.2. Maximal performance

Table 3
Parameter (E))r?&gnatl Units Range Accuracy
Tested TE module max 5
dimensions R mm ST
Tested TE module max
height H mm 30
Tested TE module heat
load Q w 0...6 0.005
Additional heat load on a
stage of a multistage TE Qaaa w 0...6 0.005
module
Maximum heat rejection Qhot w 0...40
Thermostabilizing TE Thot
module base surface tem- °C -10...85 0.2
perature
Minimum temperature 6Thot oC 1 0.2
increment
Tested TE module electric I A 0.6
current
Minimum electric current Al A 0.002
increment
Time of temperature ¢ 10s...30
stabilizing min
Vacuum P mm Hg < 1x107?

2.3. Power consumption

The DX8020 is meant for laboratory measurements at the ambient
temperature 25+4°C and relative humidity up to 80%.

e ACvoltage: - 220 +10/-15 V;

e  Power consumption: not exceeding 500 W.
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2.4. Dimensions

2.4.1. Main Block

Dimensions — 353 x 314 x 508 mm3.
Weight - 20,0 kg.
353 3%
‘ ~
DX2928 TEC RXFERT l JL

s—=s
(el

508

2.4.2. Vacuum station
Dimensions* —451,3 x 326,4 x 261,2 mm3.

Weight - 16,7 kg.
B &
® & & @ ~
L =

4513

* Model Agilent TPS-compact X3580A
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3. DELIVERY KIT

Main block DX8020.

Vacuum station with turbo
molecular pump.

* Vacuum station model, may
differ from shown in the pic-
ture.

Power cable.

Power cable for vacuum sta-
tion.

5= RS232 cable.

- =
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Flex Vacuum pipe

(Im or 1.2m long).

Vacuum Interconnector.

Sealing ring (large)

Fixture clamps.

4 pcs.

Clamps.

2 pcs.

Sealing rings (small).

2 pcs.

Package with installation
parts for mounting samples.
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4. DESCRIPTION

4.1. System Arrangement

The DX8020 TEC Expert consists of two units - the Main block and
the Vacuum station.

They are interconnected by a vacuum pipeline and a power cable for
switching on the Vacuum station from the Main block.

4.2. Main Block

The Main measuring block consists of three parts:
v" Vacuum chamber for samples.
v" Vacuum system.

v" Electronic control module.
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Vacuum chamber

Vacuum system

< Electronic module

4.2.1. Vacuum chamber

The vacuum chamber of the sample is covered with a lid with a lifting
mechanism and locks. In the vacuum chamber there is a sample

holder and cable connectors for connecting the sample table (remov-
able) to the control electronics.

Lid

- <@ ¢ Lock

Holder
Lock i
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4.2.2. Vacuum system

A diagram of the vacuum system is shown in the figures and photos
below.

The vacuum system includes connecting pipelines (T1-T8) with vac-
uum seals (F3-F9). Two solenoid locking valves (V1, V2). One (V1)
on the suction line of the vacuum system, the second (V2) on the air
intake line. Vacuum gauge Pirani (P1) for measuring the vacuum in
the sample chamber.
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4.2.3. Electronic module
The electronics module is located at the bottom of main block.

On the front side there is a power switch and buttons for turning on
and off the vacuum pump.

LEDs display the status of working.

4.3. Vacuum pump

The DX8020 TEC Expert is equipped with a compact vacuum station
with a turbomolecular pump.

The model of the vacuum station may differ from the one shown in
the figure.
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4.4. Test sample

The delivery set of DX8020 TEC Expert includes a ready-made test
sample TEC mounted on the sample table and ready for measure-
ment.

We recommend that you use this test sample to train users during
the installation evaluation phase.

The procedure for preparing the Test sample is described in detail in
a separate document — “DX8020 Sample Preparation Instruction”.
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Connector 1

Sample TEC

Heater

Connector 2 >

Thermistor

Board Copper plate

Pins for soldering

etalon heater
GJ"”
(e 112" e
Ti.g RE ﬁ*l
y & )

TEC-

Pads for soldering TEC Pads for soldering of
terminals thermistor
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5. DEVICE INSTALLATION

Detailed instructions on how to connect the installation are set out in
a separate document.

Briefly, the order is as follows

5.1. Preparations

Take of main block, vacuum station, and parts from delivery package.
Remove packages.

Situate main block on a table and vacuum station near it

Remove plastic covers from flanges of vacuum pipeline, Intercon-
nector, and vacuum pump.

Lubricate sealing rings (big and small ones) with a small amount of
Silicone Vaseline. Wipe off silicone vaseline residue with a lint-free
cloth.

A
<A

Put the lubricated rings on dry and clear surface after this.
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5.2. Assembling of vacuum system

Plastic cover must be re-
moved from vacuum station
flange before installations

Put big vacuum seal ring

Put vacuum interconnector
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Mount interconnector with
use of four vacuum fixtures.

The bolts should be tight-
ened evenly (sequentially in
several passes) without
misaligning the interconnect-
or.

Put small vacuum seal ring.

Connect vacuum pipe flange.

Fix vacuum pipe with use of
vacuum clamp.
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Put small vacuum seal ring to
vacuum valve in main block.
Connect other side of vacu-
um pipe to Valve flange.

Fix vacuum pipe with use of
vacuum clamp.
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5.3. Electric connections

Connect Vacuum Station
to Main Block by Vacuum
Station Power cable.

* Switch at the station
must be in the position
ON always.

Connect Main Block to
power supply by Elec-
tronic Block Power cable.

Connect RS232 cable
(male) to Electronic Block
connector, marked
"RS232".

ver.2.01 (2022) page 27 of 100




TEC Expert DX8020 User Guide

another end of the cable
(female) connect to PC.

The DX8020 TEC Expert system is completed.
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5.4. Check of vacuum system

The lid of the working vacuum
chamber must be closed and
fixed with locks.

Power button on vacuum sta-
tion must be ON.

* must be always ON.

Make sure the system venting
plug is closed.

* must be always closed.

Switch on power button on main
block.

ver.2.01 (2022) page 29 of 100




TEC Expert DX8020 User Guide

' - LED In Operation blink.
0,,_: Switch on Start button on

Vacuum Station frame. Vacuum
station starts working.

leckioess

Sy Rendy

— acuum LED In Operation light.
y o * The operation of the
e turbomolecular pump can be

® System Ready

determined by the characteristic
high-frequency sound.

* Sundsill

Look at the vacuum gauge.

Pressure in vacuum systems
goes down quickly.

ﬁ According to the indication of
Saten the vacuum meter, the pressure
i pein should drop below 7*10- Torr.
- sy Ry LED System Ready light.
(S 7

page 30 of 100 ver.2.01 (2022)




TEC Expert DX8020 User Guide

p " Press Stop button in Vacuum
: Station frame and wait several
seconds. Vacuum station stops
working.

LED Standstill will blink.

After that, the vacuum valve is triggered (characteristic click will
be heard). Pressure will be atmospheric.

LED Standstill will light. For several minutes, the station cannot
be started again so that it does not break.

When LED In Operation starts flashing again, the station can be
started again.

6. MAINTENANCE
1) Perform the following monthly maintenance:
e wipe the vacuum table with ethyl alcohol.
e clear the fan ribs of dust by a vacuum cleaner.

2) When in operation do not bar the vent-holes of the TEC Expert
DX8020 Main block.

7. SAMPLE PREPARATIONS

The preparation of samples for measurement is described in detail in
a separate document - «DX8020 Sample Preparation Instruction».

There are several ways to prepare samples for measurement.

A. First, DX8020 TEC Expert is supplied by the manufacturer
with a Test sample pre-installed on the sample table in a
vacuum chamber. The test sample is designed to train the
unit and perform test measurements. The Test sample is
ready for complex measurements in all modes of the device.
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TEC @0.39
1MCO06-070-08 Lﬁ40

Il

@\ [ o JA {? Copper

]

[~
to}

e

0 o s -
23— R=5.33 Ohm

28

@0.3
L=50

B. Most complex investigations mean measurements of cooling
capacity AT and cooling power Q or sample TEC. In the case
testing TEC samples must be equipped with reference ther-
mistor and reference heater on cold side.

C. Very often it is necessary to investigate only cooling capacity
— AT. Without measurements of cooling power Q. It is simpli-
fied experiment, means simpler preparations of TEC sample
— without mounting of etalon heater.
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8. OPERATION PROGRAM

8.1. System Requirements

The DX8020 software allows all the necessary interaction with the
device DX8020. To work with the program, one must be of minimal
knowledge of working with MS Windows operating system.

Computer must have free serial port.

8.2. Program Installation

Download installation program DX8020 Setup.exe from USB disc of
from the manufacturer website https://promlin.ru/docs/

Start the installation exe file and follow corresponding instructions
during installation procedure.

(@) DXB020 Setup - X

Welcome to DX8020 Setup

Setup will guide you through the installation of DX8020.

Itis recommended that you dose all other applications
befaore starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.
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(&) DX8020 Setup — X
Choose Users =
Choose for which users you want to install DXa020, ﬁ

Select whether you want to install DX8020 only for yourself or for all users of this computer.
Click Next to continue.

(®) Install for anyone using this computer

(") Install just for me

Mullzoft Install System v3.08,1

(&) DX8020 Setup — *
Choose Install Location =
Choose the folder in which to install DX8020. @

Setup will install DX&020 in the following folder. To install in & different folder, dick Browse
and select another folder. Click Mext to continue.

Destination Folder

C:\Program Files (x86)\PL Engineering\DX8020 Browse...

Space required; 11,8 MB
Space available: 879.4 GB

Mullsaft Install Systerm »3,06.1
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(&) DX8020 Setup — X
Choose Start Menu Folder =
Choose a Start Menu folder for the DX8020 shortouts, ié

Select the Start Menu folder in which you would like to create the program's shortouts. You
can also enter a name to create a new folder.

| Engineering

Accessibility A
Accessories

Administrative Tools

FTDIL

Maintenance

Motepad ++

Parallax Inc

PL Engineering

PromLegion Lid

Startllp

System Tools

Windows PowerShell ]

Mullzoft Install System v3.08,1

< Back Install Cancel

(&) DX8020 Setup -

Installation Complete =
Setup was completed successfully, iﬁ
Completed

Extract: sam durak. TEC... 100% A

Extract: sss, TEC... 100%

Extract: xMew. TEC... 100%:

Qutput folder: C:\ProgramData'\FL Engineering\DX8020

Create folder: C:\ProgramData\Microsoft\Windows\Start Menu'\Programs'\PL Enginee. ..
Create shortcut: C:'\ProgramData\Microsoft\Windows\5tart Menu\Programs\PL Engin. ..
Create shortcut: CiUsers\Public\Desktop\DX8020.Ink

Qutput folder: C:\Program Files (x86)PL Engineering\DX8020

Created uninstaller: C:\Program Files (x88)\PL Engineering \DX8020'uninstall. exe
Completed o

Mullsaft Install Systerm »3,06.1

< Back Cancel
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(&) DX¥E020 Setup —

Installation Complete " "_1{
Setup was completed successfully. L )
Completed

Extract: sam durak. TEC... 100%: ~

Extract: sss, TEC... 100%

Extract: xMew. TEC..., 100%

Qutput folder: C:\ProgramData'PL Engineering\DX&020

Create folder: C:'\ProgramDataMicrosoft\Windows\start Menu\Programs\FL Enainee...
Create shortcut: C:'\ProgramData\Microsoft\Windows\Start Menu\Programs\PL Engin...
Create shortcut: CiUsers\Public\Desktop\DX8020.Ink

Qutput folder: C:\Program Files (x86)PL Engineering\DX8020

Created uninstaller: C:\Program Files (x88)\PL Engineering \DX8020'uninstall. exe
Completed o

(L) DX8020 Setup —

Completing DX8020 Setup

D¥8020 has been installed an your computer,

Click Finish to dose Setup.

Visit the site for the latest news, FAQs and support

1
i

I

m
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Follow all the installation steps. When the installation is over, the
program icon will appear on the desktop and in the "Start" menu.

8.3. Connection

To connect with the device, it is necessary:

e connect the device DX8020 and computer by the interface ca-
ble.

e  start program DX8020 Operation program

° select the menu item "Main Menu" > "File" > "Connect" > "Set-

tings".
iﬁl_l‘ D¥8020 Operation programm
File Tests
Connect bl Connect
5 Disconnect
ave
Exit Settings

e In the resulting window, select the port you are connecting to,
and set baud rate 115200.

Connection property >

Farameters
Com Paort Murnber

Com Port baud rate

' 0K XK Cancel

. select the menu item "Main Menu" > "File" > "Connect" > "Con-
nect".
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If the connection is successful, the status says "DX8020 ver. Xxx
found at selected COM port".

08020 ver. 126 found at com port 5.

If the connection fails, the message of an unsuccessful attempt to
connect to the device appears.

eror x|

[#8020 device not found. Check connection and
communication parameters,

To solve this problem, follow these:
e Check the connection of the device with your computer.
e Check the power supply unit.
e Turn off and on the device.
e Restart the software;

¢ If nothing helps, contact technical support.

8.4. Disconnection

To disconnect, select the menu item "Main Menu" > "File" > "Con-
nect" > "Disconnect".

8.5. Main Window

After starting the program, the software main window depicted in the
figure appears.
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The main window can be divided into three fields.
. Main menu.
e  Temperature sensors panel.

. Status bar.

8.5.1. Main Menu

The main menu structure is shown below.

8 Dxa020 Operation programm

Z - Meter
Expert mode

Qpas Parameters.
85 DXB020 Operation programm - 1MC06-070-08
TE Cooler selection

Standard tests
TE Module free in the Air
TE Module free in the Vacuum

TE Materials Properties Testing

Expert mode

Qpas Parameters.




TEC Expert DX8020 User Guide

8.5.2. Temperature sensors panel

Temperature sensors panel is located in the right-hand part of the
main window.

Control panel

Thet, &
T

Teold, ¢

W 200 W M0 N
Paints

Hot side temperature ['C]
23.0

LCold side temperature [*C]
231

Difference temperature ['T]

0.1

Current hot side temperature ['C} 260

Set hot side temperature [C] v

The telemetry data from the sensors "T;" (Hot side temperature) and
"T," (Cold side temperature), as well as the difference temperature
between the two sides is displayed.

To set the hot side temperature is only available at a testing mode
selected.

Status Panel

D8020 ver. 126 found at com port 5. 2 TECSTAB H1 HZ TERM VaC=0K T2CHL DEG O CORR

This panel is intended for the output of:
e device identification;

e device mode;

e temperature stabilization status;

e vacuum status;

. corrections status.
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8.6. TE Module Selection from the Database

The software contains default database of the manufacturer of the
DX8020 TEC Expert device.

The nomenclature of these TECs is available from websites:
https://promIn.ru/products/tem/

https://www.tec-microsystems.com/products/thermoelectric-
coolers/index.html.

Here in the database the nomenclature of TECs is included with de-
tailed parameters of design.

To select a TE module from the database, choose from the Main
Menu the item "Main Menu" > "Tests" > "TE Cooler selection".

§E D¥2020 Operation programm
File | Tests

TE Cooler selection

Standard tests »
Z - Meter b
Expert mode

Opas Parameters

The following window will be displayed:
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Add TE Cooler B

Base List One Stage

TECBASE ™| TE Coaler

1M COB-050-10 | 1D 1MC0E-070-08
jlmgggggg% Caold lsize cllimen.sions [mm % rm] | 2% 12|
b COB-060-05 Hot zize dimensions [mm % mm] 12j% 12
1M COB-060-08 Ceramics thickness [mm] 05
Ly Pellets number 140
1MCOE-0E0-15 TE pellets crogs-section [mm s mm] 06X 06
1k COB-070-05 TE pellets height [mm] ns
1HCD 3

IMEDE 070 12 Porswic

1M COE-070-15 Electrical resistivity [+E-8 Ohm # m] 1.6EE7
1MCOB-072-05 Length [rm] 40
1 mgggg;g?g Crozg-zection [mm™2] 0.0439
BECE | e

1MC0E-096-05 b amimum current [mé)] 2200
1MCOE-096-02 b aximum heat load [vB] 10400
1K COB-036-10 W

AL Aae A

Select Cancel

By default, a list of TE modules is displayed. For a TE module select-
ed, in the right-hand window part one can see its specification in-
volved.

8.7. New TE module introduction

To add new TE module, it is necessary to choose "USERBASE" from
combo box.

Add TE Cooler

Base List

|USERBASE _

Then press the button "New".

I e Select
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You are supposed to input the values of parameters required and
save the new TE module specification pressing the button "Add".

Add TE Cooler [« |

Baze List One Stage

USERBASE “| TE Cooler

1MCOB-070-08 D MNew
Cold size dimenzions [rmm = mm) i“i
Haot size dimengions [mm = mm] 12/% 12
Ceramics thickness [mm] 05
Pellets number 140
TE pellets crozz-zection [mm » mm] 06X 06
TE pellets height [mm) 0.8
Per a'wie
Electrical resistivity [#E -8 Ohm « m] 1.EBE7
Length [mm] 40
Cross-section [rmm™2] 0.043
Property
b aximum current [md) 2200
M aximum heat load [vB] 10400

R Add Cancel

It is possible to proceed with measurements without identifying the
TE module to be tested (except the mode "TE Materials Properties
Testing"). In this case no corrections will be calculated.

8.8. Experiment arrangement setting

For correct and accurate measurements of cooling performance and
particularly cooling power it is very important experiment arrange-
ment, namely parasitic heat loads to testing TEC cold side.

These parasitic loads are provided by connecting wires of thermistor
and etalon heater mounted to the testing TEC cold side.

Select "Main Menu" > "Tests" > "Qpas Parameters" >" Standard test:
Q(dT)”

And set parameters of terminal wires

Type 1 — wires of thermistor
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Type 2 — wires of etalon heater
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Properties
General Constants | Standard test: Q[dT)

“wires ype
® Type1 O Type 2

Murnber of wires

Diameter [mm]

Length [ram]

Thermal conductivity [w/mk]
Electrical resistivity [Ohm = m x 1E8]
Emissivity

03

400

1.867
0.0z

Cancel

Properties
General Constants | Standard test: Q[dT)

Wires type
O Type1 @ Type 2

Number of wires

Diiameter [mm]

Length [mm]

Thermal conductivity [w /mk]
Electrical resistivity [Ohm « m » 1E8]
Emizzivity

Cancel

9. MEASURING METHODS

In addition to this key section of the Manual, to help the user, we
have prepared a separate document "DX8020 How to Get Started",
which gives step-by-step instructions on how to take various meas-
urements using the device TEC Expert DX8020.

This instruction is available on the following websites:

https://promin.ru/docs/

0.3
50
400
1.667
ooz

https://www.tec-microsystems.com/downloads.html

9.1. Summary

The TEC Expert DX8020 provides the following testing modes:

1. STANDARD: testing TE module standard performance plots in

vacuum

1.1 At the zero heat load within electric current range: AT (1),

u(;

1.2 Atvaried heat load at a certain electric current: Q(AT)
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2. EXPERT: testing of a TE module parameters in the given opera-
tional point (given operating current, heat load and stabilizing
temperature).

3. Z — R — 1 Metering

3.1 TE module is free in the ambient:
3.1.1 The ambient is air.
3.1.2 The ambient is vacuum.
3.2 TE module hot side temperature is stabilized (vacuum)
4. TE Materials PROPERTIES in a TE module (vacuum)

Before the measurements, select the type of the module tested.

9.2. Standard Mode

The major task of the standard measurements is to measure Stand-
ard Performance Plots and to confirm the tested TE module standard
specifications, i.e., the following parameters: AT 0, Qmaxs Imax
Unax In vacuum. The tested TE module hot side temperature Ty,
can be fixed within the range available (Table ).

The characteristics measured in this mode are:

e AT(I) - temperature difference dependent on electric current at
the cooling capacity Q = 0. The plot is used to obtain I,,,, and
AT, 0 Of @ TE module.

e U(I) - volt-ampere characteristics at the cooling capacity Q =
0. The plot is used to obtain Uy, qy-

e (Q(AT) - temperature difference versus cooling capacity
AT(Q, 1) and voltage versus temperature difference U(AT,I) at

a certain current up to ;4. The results are Q4 and AT, 4, at
the current chosen.

The testing conditions are as follows.

1) A base with a heater and a thermal resistance is mounted onto
the TE module cold side (see Section 7).

2) The TE module hot side is mounted onto the sample holder
mounting surface (see Section 7).
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3) The TE module leading wires are soldered to the connecting
plates according to the TE module polarity.

4) The thermostabilizing module is switched on. The temperature
Tho¢ Of the thermostabilizing surface is fixed within the range
available (see Table).

5) The cover is closed;

6) The vacuum chamber is pumped out to pressure of residual
gases not exceeding 1-102 mm Hg.

9.2.1. Measurement of AT(l), U(l) at Q=0

This mode is to enable building the dependences of the TE module
temperature difference AT and the voltage U on electric current I, as
well as obtaining the values ATy, o (Imax)s Umaxs Imax — S€€ “Annex
VI. Measurement of Iy qxs ATmax”

The additional requirement: the heater is off.

The testing procedure in the automatic mode is as follows:

1) Set the required temperature of the thermostabilized surface
Thot-

2) Choose the TE module stabilization time &g, and wait until the
base temperature is steady.

3) Set the limiting testing electric current values (see Annex VI.
Measurement of In,qx, AT ax)-

4) Set the electric current step.

5) Start measuring. Consistently the TE module is fed by a con-
stant electric current, beginning from AI, TE module is main-
tained at a given current during t¢,p to achieve steady-state.

6) For each electric current value I the TE module temperature
difference AT(I) and voltage U(I) are captured: in a steady
state the following parameters are registered: TE module electric
current, voltage drop, the base temperature; temperature differ-
ence between the base and TE module cold surface.
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7) 8) The data AT(I) are processed; the values Inax, Umaxs
AT ax are calculated with no corrections applied (see “Annex
VI. Measurement of Iy, AT max)-

To enter this mode of measurement, you must select "Main Menu" >

"Tests" > "Standard tests" > "dT (1), U(I)". The window of measure-
ments looks as shown below.

It should be noted that after starting measurements the thermal stabi-
lization of the base is done in accordance with set. The temperature
of the set point can be changed "Set hot side temperature".

1 DX8020 Operation programm

File Tests

[Performance plots dT(D, U@ (& Ocold =0

Cl

ol

[m']
=)

o
1[ma]

0
1[ma]

=1&lx]|

Contiol panel

That, C

Teold, &

40 100 150200 0
Poirts

Hot side temperature ['C]
Cald side temperature [T]

Differerice temperature [C]

Current [ma]

’—D.uerama temperature ['C]

oltags [m]

N [Tcod[C] [ Thot[C] [ dT[C] | Um¥] [ I{ma]

[
H

[ o e [C1] Wt ] [ Imas [oni] [T e [C1] Umaw’ [ Imae’ [md]

Parameters of measurement

Tested TEC curent ma] )

Autornatical mesuring mods:

Start current [mé)] 0 Stabilization time [sec] 0

End current [m4]

o
Step current [mA] 0

\ Gel point

Current hat side temperature: -

‘ Set hot sids temperaturs| 21

I 2011 [TECSTA8] [F [HE [TERM) [#AE][T2CHL [DEG) @] Corn

The window is divided into several fields.

e  Field of plots dT(I) and U(I);

. Field of current values dT, I, U;
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e  Table of measured points;

e  Control Panel.

Field of plots dT(I) and U(I)

Field of plots dT'(I) and U(I) is shown below.

a0 |
85 ---
a0t~
754~
0t~
65F---

7 500
7 000
6500
6000
5500
5000
Teod-- = 4500 ]
S5l EPIE
st
451
40
35
a0

3500
30004
2500
20004

1 500 4
e

The graphs depict the points measured. If indicating by the mouse to
a point on the plot, the values and parameters of this point are high-
lighted by the red color in the summary table.

[alal ju) oo

a N ) S auo
b

Mistaken and unnecessary points can be deleted. To do it just ap-
proach the point you want to delete by the mouse cursor until it is
enclosed in the red circle. Press the right button of the mouse to ob-
tain the context menu.
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Paint info

First point of polynomial
Last poink of polyromial

Palvnomial caloulation

Delete point L

v Link with table

Choose "Delete point".
Field of current values dT, I, U

This field displays current values dT, I, U of the tested TE module. In
the manual mode with the help of these values it is possible to esti-
mated if the module is stabilized or not.

Difference temperature [*C] Current [ma] Yalage [mb]

87.3 2200 8344

Table of Measured Points

This table contains the measured values as well as the value of the
electric current. The bottom line summarizes the measured values

ATmaxs Umax» Imax @nd the values dTy,0x, Umax Imax Calculated by
a polynomial.

N | Telel | Thie | oaro | oo | ormal A
4 439 27.0 70,9 3541 500
1 s 51.5 271 785 42715 1000
1 s 57.0 271 84.1 4570 1200
7 H0LF 271 §7.8 8520 1400
1 s £2.3 27.0 4.9 B172 1800
9 £35 271 905 Eo48 1800
——————
dTmas [c] | Umas [riv] | Imax [ma] | dTmax [c] | Umas [mi]| Imaw” [mé]
05 Ea4E 1800 an0.g E73A 1745
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The red-colored line corresponds to the point indicated by the mouse.
Control Panel

This field allows control of the testing procedure.

n )
Parameters of measurement

Tested TEC current [ma] I 0 5‘ W Apply |

Automatical mesuring mode:

Start current [mé] I 0 Stabilization time [sec]l a
End current [mé)] I 0
Start
7 L st ]

Step cument [ma]

Stop |

] Get paint |

Before starting the test, it is necessary to set the temperature of the
stabilizing basement and wait some time to achieve the stabilization.

Current hot side temperature: 270

Set hat side termperature | 27.0 3: v

The test can be done either manually or automatically.
Testing Manually

Set the electric current value and click "apply".

Tested TEC current [md)] 2200 3: W  Apply

After achieving a steady-state temperature of the module cold side
press the button "Get point".
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Get Point

Testing Automatically

It is necessary to set the starting and finishing values of the electric
current the TE module is to be tested at, the electric current step and
the hot side stabilization time.

Start cument [rmé) 200 Stabilization time [sec] 120
End current [mé)] 2200

-Start
Step current [me) 200 -

To start the measuring cycle, press the button "Start". The data will
be taken automatically within the settings given.

After the test is over, a square-law polynomial is built by all the
measured points. The measured values dTy,4x, Unaxs Imax @nd the
values dTmaxs Umaxs Imax €Xtracted from the polynomial are dis-
played.

If needed, it is possible to set limiting current values for the polyno-
mial. To do it you are to choose a point, click the right button on the
mouse; select "First Point of polynomial” or "Last Point of polynomial”
from the context menu. By narrowing the interval of polynomial, the
values dTyaxr Umax Imax €@n be obtained more exactly.

9.2.2. Measurement of Q(4T)

This mode is intended for obtaining the dependence of the TE mod-
ule heat load Q on the module temperature difference dT at the giv-
en electric current I, as well as for calculating the maximum heat to
be pumped Q,,,, and extracting the corrected value dT,,,, at the
given current (see Annex VIl. Qmax Measurement.AZBmax? Correc-
tion).

The additional requirement in this option: the heater is off.
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The testing procedure is as follows.

1) Set the required temperature of the thermostabilized surface
Thot-

2) Choose the TE module stabilization time g4, and wait until the
base temperature is steady.

3) Set the current I through the TE module. To measure the speci-
fication value Q,qx. the condition is I = I;,4,, Where L, IS
obtained either during the measurements (see Measurement of

T(D), U(I) at Q = 0), either by calculation.

4) For the automatic testing define the upper limit of the heat to be
loaded Qy;,, at the electric current selected. We recommend:

1
Quim = EQmax’ (9.1)
where Qpqx - TE module maximum cooling capacity estimated
by calculations at the chosen current.

5) At the given current the TE module temperature difference AT is
measured for 5 values of the heater power: Q=
(0,0.25,0.5,0.75,1.0)Q;;,- For each measurement the TE
module stabilization time is €g;qp.

6) Build the curve Q(AT) by the measured points using linear in-
terpolation (See Annex VII. Qmax

Measurement.AZBlmaxB Correction).

7) For each measured AT at the given current | the correction for
the passive heat load from the wires is calculated:

Qpass(AT) = Qwire (AT) (9.2)

(see “Annex IV. Heat Flux along Leading Wires”).
8) The new curve is built Q'(AT) = Q(AT) + Qpqss(AT).

9) Find Quax» ATmax @t a given current (see Annex VIl. Quax
Measurement and AT,,,,, Correction)

page 52 of 100 ver.2.01 (2022)



TEC Expert DX8020 User Guide

10) Find Q’jnax: AT max at a given current (see Annex VII. Qnax
Measurement and AT,,,,, Correction).

'0' Important! If you need to consider amendments to the pas-

W sive heat flows through the wires before you go into this
mode of measurement, specify the necessary characteristics
of the wires in the box "Main Menu" - "Tests" - "Qpas Param-
eters”, Boc-used bookmark "Standard test: Q (dT)".

£
aeneral Constants :l Standard test: Q[dT] .
fires b
@ ype T Type2
Murnber of wires
Diameter [mm) 0.0v
Length [rim] 20
Thermal conductivity [ /mk] 400
Electical regigtivity [Ohm » = TE8] 1.BEY
E miizsivity noz2
akK | | Cancel

The wires are divided into two types:
e  Type 1 - Wire of Pt resistor.
e Type 2 - wire of etalon heater.

To enter the measurements of Q(dT), must choose the "Main Menu"

- "Tests" - "Standard tests" - "Q(dT)". Window measurements looks
as shown.
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1§ DX8020 Operation programm

File Tests

User Guide

=lalx]

Control panet

50 100 150 200 250 300350 400 450 500
cirts

Ho side temperature ['T]

Cold side temperature ['C]

Difference temperature ['C]

Curent hot side temperature: -

Sethotside [oo=] v|

[Performance plots Q(dT) (@ fixed current [x]
E 2ol SR N
(<] bl H
o 0
aT ¢l o7 [C)
Difference o] unent [ma} Loaded [mi}
W[ i) | dT(c] [ Ofmw] | O[] [Qel ]| Qu? [riw] | Parameters of measurement
Bl U i TE sl ] =]
Heat powver [mi] [ o2l apay
Automatical mesuiing mode:
Heat Power List [miw]
q ] q ] [
J\ I[m&] [ Omax(me] [ dT[C] | Omaelwiw] [ dT[E] Stabilization times [sec] 0

| Get paint

2t TECE 128 [ IH2 [TERM) [MAL [T2CHL 0BG G| CORA

The window contains several fields:
e  Fields of the plots Q(dT) and Q' (dT).

e  Field of current values dT, I, Q.

e Table of the measured points.

e  Control panel.

Field of the Plots Q(dT) and Q*(dT)

The left plot offers the results with no corrections applied; the right
plot does those corrected considering passive heat flows through the

wires.
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4 000 - 4 000 -

35003 3500
3000 3000
25005 25004
3 =
Ezom¥ E za004
@ i =]
15004 1500

10003 1 000

T T T T T T i
1) 10 20 an 40 a0 G0 7 80 a0
dT [*C]

If indicating a point on the plot by the mouse, the values of this point
as well as the corresponding parameters are highlighted by the red
color in the table.

M mé] | dT[C] | Qfmiw] | O [miw] |Qwl [miw]| Qe [miv]

? 1800 FAOR BOn RIT 410 RATT O 4933
Mistaken and unnecessary points can be deleted. To do it just ap-
proach the point you want to delete by the mouse cursor until it is

enclosed in the red circle. Press the right button of the mouse to ob-
tain the context menu as shown.

Paint infa

Calculate polinom

Delete poink

w Link ko table

To delete a point, choose "Delete point".
Field of current values dT, I, Q

This field displays current values dT, I, Q of the tested TE module.
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Difference temperature ['C] Cunent [mé]

-0.2 0

Loaded [m'/]

User Guide

In the manual mode with the help of these values it is possible to es-
timate if the module is stabilized or not.

Table of the Measured Points

This table contains the measured values as well as the value of the
electric current. The bottom line summarizes the calculated values

Qmax» ATmax With no corrections applied and Q’4x: AT max COI-

rected by the passive heat load.

M U] | dT (] | @ frw] | O [iw] [t [iwd][ Qw2 [reiv]
| 2 1800 7896 500 §11.410 6077 4833
T 1800 | B7.46 | 1001 1009907 5192 | 4214
] 4 1800 5653 1500 1507.991 4355 3535
] 5 1800 | 4589 | 2000 | 2006639 3532 | 2867
I | Gmaxmw] | dTIC] | Omax'[miw] | dT°[C]
1800 405880 2298 4058.80 a0.26

The red-colored line corresponds to the point indicated by the mouse

cursor.

Control Panel

This field allows control of the testing procedure.
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Pararneters of measurement

Current through tested TE cooler [ma] I 0 5‘

Heat pawer [mivw] I 0 5‘
Automatical mesuring mode:
Heat Power List [mitw]
[ of of of of o
Stabilization times [gec] I i}
| Start | | Stop |
| Get paint |

Before starting the test, it is necessary to set the temperature of the

stabilizing base and wait during the time tg:,), to achieve the stabili-
zation.

Current hot side termperature; 27.0

Set hot side temperature 2?-93: v

The test can be done either manually or automatically.
Testing Manually

Set the electric current and heat load values and click "apply".

Current thraugh tested TE cooler [ma] | 1800i| W Apply
Heat power [miw] 2000 3:

After achieving a steady-state temperature by the module cold side
press the button "Get point".

Testing Automatically

Set the electric current value and click “apply"”.
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Current through tested TE cooler [ma] | 1800 il W hpply

Set the hot side stabilization time and 5 values of the heat to be
pumped.

Heat Power List [rtw]
| 0| 500 1000 | 1500 2000

Stabilization times [sac] 120

To start the measuring cycle, press the button "Start". The data will
be taken automatically within the settings given.

After the test is over a linear polynomial is built by all the measured
points. The values the calculated values Q,,4x: dTimax With no cor-
rections applied and Q’;,4x, AT max COrrected by the passive heat
load are displayed.
9.3. Expert Mode

The Expert Mode objective is to measure the widened range of TE
module parameters at a specified electric current with no corrections.
It is possible to apply an additional measuring temperature channel
and an additional heater.

In the Expert mode all the measuring telemetry can be obtained for
the conditions assigned as fully as possible. The telemetry comprises
the following parameters to test and control:

e  Four-sensor temperature data (T, T, T3, Ty).
e  Double-channel heat loads (Q4, Q,).

e Tested TE module electric current.

e Tested TE module voltage.

e  Thermostabilizing TE module voltage.
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The electrical resistance of thermistor (if there is one on the
tested TE module).

The testing conditions are as follows:

1)

2)

3)

4)

5)
6)

A base with a heater and a thermal resistor is mounted onto the
TE module cold side (see Section 7); the heater power equals
the necessary value.

The TE module hot side is mounted onto the sample holder
mounting surface (see Section 7).

The TE module leading wires are soldered to the connecting
plates according to the TE module polarity.

The thermostabilizing module is switched on. The temperature
Thot Of the thermostabilizing surface is fixed within the range
available (see Table 2).

The facilities cover is closed.

The vacuum chamber is pumped out to residual pressure not
exceeding 1-102 mm Hg.

The testing procedure is as follows.

1)

2)
3)
4)

5)

Set the required temperature of the thermostabilizing surface
Thot;

Set the required heat load Q (the heater power).

Set the required electric current Iy;

Wait until the thermostabilizing is steady, observing the stabiliz-
ing temperature data.

Measure the temperature difference AT of the TE module at the
given values Qg and I;

Iol Important! To calculate corrections to AT in the expert mode

ver.2.01 (2022)

it is necessary to measure Q (AT) in the vicinity of the operat-
ing point (that is, to measure Q(AT) at a given current I in the
standard mode).
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For the expert testing of a TE module, it is necessary to choose
"Main Menu"-"Tests"- Expert Mode".

Window looks as shown.

SEI
Ele  Tests
Advanced mode Contral pangl
& | 11T T2[C] d1 [°’C Tarc T4[C] | Q1[miw] | G2[mw] | Ig [ma] | IqT [mé] 1 [ma] U [mv] | Rither [Okm]
o sl
[ \ \ \ [ [ g
B
. =
< 50
E
2 oo

0100 150 200 250 300 350 400 450 500
Pairts:

Hot side temperature ['C]

Cold side temperature ['C]

Difference temperatue [C]

Curent het side temperature [T} -

Set hot side temperature [“Ej W v

Device Mode Control Panet
I Themsbizsion R
I~ Heat Load 1

TE Codler current [mA] [ Set
I Hoatont2
I Themistor Heat Laad 1 [mw] 0 Set
I~ Vaouum

Heat Load 2 [mw] 0 St

I Temperature channel 2

Apply Get point

I 2011 [TECSTA8] [FT [H2 [TERM) [#2E][T2CHL [DEG) @[ CoRR

The window contains two functional fields:
e table of measured points.

e control panel.

Table of Measured Points

The table contains current values of parameters of a tested TE mod-
ule (grey line) and those taken for the test results (white lines).
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Advanced mode

# T1[C] T2[C] dr ['C]
298 2658 3.22
28.74 2315 0.41

Control Panel

T3['C]
1}
a

T4[C]
1}
a

Q1 [mw] | Q2[riw] | Igl[ma] | Il [ma]
2001 i] 0 0
2003 1] a i

User Guide

X

1 [mé] U ] | Rther [Dhm]
100 425 i
100 46 i

In this field you may change the device mode and set the parameters
at which the TE module is to be tested.

Device Mode

¥ Themostabilization

[V Heat Load1
[~ Heatload2
I~ Thermistar
[~ Wacuum

[~ Temperature channel 2

Apply

Control Panel

Biase temperature [°C] m Set
TE Cooler cunent [ma] W
Heatlosdmw] | 200
Heatload2fmw] | 0 Set

Get point |

For example, in the figure given (above), the mode is the following:
the device mode is thermal stabilization of the hot side (the base),
heater 1 is on; the measurement parameters: the base temperature
is 30°C, TE module electric current is 100 mA, the heater is 200 mW.

To take the measured result, press the button "Get point".

9.4. Z — R — T -Metering

In these testing modes the following TE module parameters are
measured: electrical resistance AC R; Figure-of-Merit Z; time con-
stant 7. See Annex VIIl. Measurement of Figure-of-Merit.

Like the Z — R — 7 Meters developed by PL Engineering the DX8020
enable testing the following parameters of TE modules:

e AC resistance (AC R).

o Figure-of-Merit (Z).

e Time constant (7).

ver.2.01 (2022)
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The TE module Figure-of-merit Z is measured by the Harman meth-
od. Here all the limitations common for the Z — R — T meters are to
be followed (see “Annex VIII. Measurement of Figure-of-Merit”). The
methods of the DX8020 are meant for measuring Z of single-stage
TE modules.

|0| Important! The testing of the value Z for two-stage TE mod-
‘ ules are rather estimative. For multistage TE modules the
Harman method is not applicable. The quality of TE modules
with more stages can be estimated by measuring the module
electric resistance AC R and the time constant.

For brevity we call Z — R — t-Meter as Z-Meter.

9.4.1. TE Module Free in the Ambient

In this testing mode the TE module to be tested is in free heat ex-
change with the air/vacuum environment.

The aim of this option is:

o to offer express assessments of TE module quality and necessi-
ty of its direct measurements by testing the values Z, R, 7 of a
TE module at room temperature T,,~ 300 K.

e ensure a correlation between measurements of Z, R, T in vac-
uum and air and evaluate the accuracy of mathematical estima-
tion of air impact on the results of measurements.

The testing conditions are as follows.
1) Both the TE module sides are free.

2) The TE module leading wires are soldered onto the connecting
plates.

3) The thermostabilizing TE module is off.
4) The DX8020 cover is closed.
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For testing in vacuum, the chamber is pumped out to residual
pressure not exceeding 1:102 mm Hg.

The testing procedure is as follows.

1)
2)

3)
4)

5)

Measure the ambient temperature T, .

Measure the TE module AC R (hereinafter this value comprises
both the TE module and its wires electric resistance AC R: R =

RTEC + Rwires)-
Set the overall measuring time MT.

Set the TE module electric current I;o5¢ = 0.011,4, (See the TE
module Standard Specifications); press the button “measure”.
The automatic testing procedure is started.

The automatic testing procedure is as follows:

5.1) The temporal dependences of the TE module total voltage
U(t)+ and the Seebeck voltage U,(t); are measured
within the time range [0..MT] sequentially at the current
tliese; the telemetry U, (t;) 4 is displayed.

5.2) The curves U, (t;)+ are interpolated by the exponents:
Ug(t))+ = Ustgy (1 —e7t/™t) (9.3)
As a result of this interpolation the corresponding time constants

74 and the steady-state voltage values Ust, are obtained for
both polarities.

|0| Important! To proceed with the Z — R — t-meter measure-
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ments be sure that the period t,.; is enough for the module
to achieve the steady state, which can be controlled by the
visual telemetry

5.3) The TE module time constant is found as the average:
Tgp = 0.5(TL +7)
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5.4) For each polarity the ohmic voltage is found via averaging
over the last 10 measured points:

1
Ups =75 ) W(tds—Ualt)s) (9.4)

i=(N=10)

5.5) With no account of the corrections the values Z, are calcu-

lated as:
1 Ustax
zy = 7———— (9.5)
* Thot URi
Then the average Z is calculated as:
1
Zoy = E(Z+ +7Z.) (9.6)

5.6) With the help of calculated corrections, it is possible to al-
low for the inequality between the ambient temperature and
the average temperature of the module (b;), heat flow be-
tween the pellets (bsy) and thermal losses on the wires

(br).

I0| Important! The corrections are only applied to the value Zg,,.

Zav
Zgy = a+b) (1 +bep)(1 +by) (9.7)

Therefore, the whole correction can be written as:

(1 +by)(A +by)

1+ by (08)

corr =
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All the expressions for the corrections are given in Annex VIIl. Meas-
urement of Figure-of-Merit. It is only the corrections values that the
choice of the environment (air/vacuum) tells upon.

To select this testing mode, choose from the Main Menu bar the
command "Main Menu"-"Tests"-"Z-meter"- "TE Module Free in the
air" or "TE Module Free in vacuum". The measurement window is
illustrated below.

S
File Tests ZMeter Histary
- Meter : TE Module Free in the Air [x]
“Tamb [C] CR [Ohm] Tref ['C] CF’ [Ohm]
~Z [1/1000K] Z [1 100K} omections [%] ime corst [sech
Contiol Panel
R I S Fieference temperature Tref ['C] 002]

&
2

Curent [ma] |
Measuring Time [sec] 120 E‘
Time Step [msec] 40 E‘

Measure

il
2

=
2

[m*]
i}
2

o
& 700

2 &
g2 2

Seebeck volta

3
2

& 2
a2 8

5
2

Tine [s=c]

5 [TECS 125 [ [H2 [TERM) [MAC [T2CHL [DBG) @ CoRn

The window consists of three fields:

e results field.

e temporal behaviour of the Seebeck voltage.
e  control panel.

Results Field
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Tamb ['C] ACR [Oha] Tief [C] ACR [Ohm]
24.4 2.65 27.0 2.69
Z [1/1000K} Z*[1/1000K} Conections [4] tine const [secl

2.521 2.636 4.472 3.6

The following results are displayed:
e  T,mp —ambient temperature.
e AC R - TE module electrical resistance (alternating current).

e ACR'-ACRreferred to Ty,

Z — TE module Figure-of-Merit.
e 7' — TE module Figure-of-Merit with corrections applied.

Corrections — correction coefficient to Z.

Time Const — TE module time constant.

Temporal behavior of the Seebeck voltage

This curve (see figure below) displays the dynamics of the Seebeck
voltage at the test current of two polarities. Each experimental curve
is accompanied by the interpolation one.
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m
=1

wn
)
L

w
=]
L

.
n
L

W
[ =
L L

ZFeibek voltage [m*]
(o)
o
!

a T : : T T T T T T T T T T T
0002966208945 1328 17.64 22,00 2636 30.72 35.04 3940 4376 4512 5245 56.54
Time [sec]

Control Panel

The control panel allows setting the measurement parameters.

Control Panel

Reference temperature To [*C] 270 3:
Current [ma] 23 3:
Measuning Time [sec] [ 3:

Time Step [mzec] A0 3:

| Measure

The following parameters are to be set:
e Reference temperature (T}..) — temperature AC R is referred to.

e  Current — TE module electric current (0.011,,,, is recommend-
ed).

e  Measuring Time.

e Time Step (recommended to increase for longer testing).
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9.4.2. TE Module with the Hot Side Temperature Stabilized

This mode is intended for Z — R — t- testing of a TE module at the
given temperature. See Annex VIII. Measurement of Figure-of-Merit.

In this mode one side of a TE module is stabilized at a temperature
Thot- The measurements are performed in vacuum.

The aim of this option is to measure the parameters Z, R, T at a given
temperature, which may differ from the room temperature.

The testing conditions are as follows.

1) One side of the TE module is free, the other is mounted onto the
thermostabilized surface (see Section 7).

2) The TE module leading wires are soldered onto the connecting
plates.

3) The thermostabilizing TE module is on. The thermostabilizing
surface temperature T}, is fixed within the range available (see
Table ).

4) The DX8020 chamber cover is closed.

5) The chamber is pumped out to residual pressure not exceeding
1-102 mm Hg.

The testing procedure is as follows:

1) Set the temperature of the thermostabilizing surface Tp,e; wait
until the thermostabilizing is steady.

2) The measurements 2) — 5) of Section 9.4.1. Eg. (9.5) is modified
as:

1 Ust at

Z+= (9.9)

Thot URi

The value Z is measured and corrected (see “Annex VIII. Measure-
ment of Figure-of-Merit”) for a TE module with T}, = const.

The corrections only include the leading wires correction (see “Annex
IV. Heat Flux along Leading Wires”) and radiation (see “Annex IlI.
Radiation Heat Exchange”, “Annex Ill. Thermal Conductance be-
tween Pellets”).
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Choose the command "Main Menu" > "Tests" > "Z-meter" > "TE
module with the Hot Side Temperature Stabilized".

1 DX6020 Operation programm = |
Elle Tests ZMster History
_ Meter : TE Module with the Hot Side Temperature Stabilized Fontol panel
~Tamb ['C} R [Ohm} [1/1000K
o
=
£
_— - — O 50
=
g
- o 0
AL AL AL ML AL AL M M
501 100150 200 750 300 330 400 450 500
~Z* [1/1000K] Conestions [%] e (e e
Hot side temperature ['C]
_— ,,, . Cold side temperature ['C]
Difference temperaturs ['C]
Control Panel
950 f e ] =
Current [m4] 03]
L et Measuring Time [sec] G M= Current hot side temperature [*C] -
- T
Time St = =
CroSp{fa==E] 40 Sel hol side temperature (C] BT =] v
B0 |
Trso | Measure
z
B 700 - ]
E
2 BBO e ]
5
z
T LT EEREE SETSEETRRITREI
]
&
- T e
SO0 - rmmm oo b
as0t--- R ELEPLETTEEPEPEPPER
a0 - L
T
o
Time [sec]

[201 [TECS 28] [F [HZ [TERM) [#2E][T2CHL [DEG, @[ CoRR

Before testing it is necessary to set the TE module base temperature
and wait until the base is stabilized (the red indicator at the bottom
turns to green).

The testing procedure, parameters, functional fields, and results form
are the same as in the modes " Z — R — t -Meter for TE Module Free
(air/vacuum)".

9.5. TE Materails Properties

This testing mode enables experimental estimate of TE materials
properties of the tested TE module: the Seebeck coefficient a and
electrical conductivity o at temperature available.
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The objective of the given option is to estimate the properties of TE
materials of the TE module pellets at the given temperature T, OF in
a temperature range available using the measurements of the pa-
rameters Z and R, as well as the stationary Seebeck voltage value
U, and the corresponding value of the temperature difference AT.

The TE properties to be obtained are:
e  Electrical conductivity.
e  Seebeck coefficient.

The estimates obtained are the average values for the n- and p- type
materials.

,0| Important: It is only one-stage TE modules with known geo-
. metrical parameters that can be tested in this option.

The testing conditions are as follows.
1) One side of the TE module is stabilized at the temperature Tj;-

2) The TE module leading wires are soldered onto the connecting
plates.

3) The thermostabilizing TE module is on. The thermostabilizing
surface temperature T}, is fixed within the range available (see
Table ).

4) The chamber cover is closed.

5) The chamber is pumped out to residual pressure not exceeding
1-102 mm Hg.

The testing procedure is as follows.

1) Set the temperature of the thermostabilizing surface Tp,e; wait
until the thermostabilizing is steady.

2) Repeat the Z — R — t-metering of the TE module with the hot
side temperature T}, stabilized; the values of AC R and Z of
the TE module are found (with / with no corrections applied.
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3) By the measured AC R at the given temperature Tp,; the elec-
trical conductivity o [1/0Ohm-m] of the TE material is estimated

as:
(R—27—NRpe)
a. Rpellet = Tm
J— R S
b. p= pellet 7 (9.10)
1
C. o=-
p
Here N - TE module pellets number.
The electrical resistance R,,. is calculated as:
d+2/3w
Rime = Pecu——7— (9.11)
Whne

where d - distance between pellets of the TE module; w - their
width; 1, - the metal junction’s thickness.

4) By the known polynomial temperature dependence k = %(kn +
k,) the Seebeck coefficient is calculated by:

a= 2= (9.12)

The corrected parameter a corresponds to the corrected Figure-of-
Merit Z.

Among the three parameters «, g,k the parameter k is the least
sensitive to charge carriers’ properties, that is why a standard «(T)
can serve for estimating the coefficient a. In the figure below the de-
pendence k(T) averaged for n- and p-type room temperature opti-
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mized TE materials is given. This curve is a default function the
DX8020 software offers.

™
1.55
N
£ 150 \\
2
g 145 \
N
140
"‘--..__.__h
1.35

260 270 280 290 300 310 320 330 340 350 360

T.K

|0| Important: The function k(T) can be changed by introducing
¥ new factors of the polynomial (see the file
DX8020/Parameters.ini).

If necessary, items 1-7 are performed for a new T}, ;-

Choose the command "Main Menu" > "Tests" > "TE Materials Proper-
ties Testing".
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1 DXB020 Operation programm

File Tests ZMeter History

User Guide

The testing procedure, parameters, functional fields are

"TE Module with the Hot Side Temperature Stabilized".
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- Meter : TE Materials Properties Testing Control panel
~ACR [Ohm} [1/1000K} " [1/1000K} kappa [W/mK]
50 100 150 200 250 300 350 400 480 500
- Pairts
—FRipslet [Ohm] igma [1/Dhmemn} alfa [/ 1G] alfa [ /K. 5 126]
Hot side temperature ['T]
. __ __ _ Cold side temperaturs ['C]
Difference temperature ['C]
Contral Panel .
g50 f e ] =
Current [mé] 202
T e S RETERE E -
Measuring Time [sec] [202] Current hot side bemperature [Tl
B0 f oo Time Step [msec] qug = —
a0 Set hot side temperatures [’Ej m;{ v
= ren | Measure
2 700
k-
B T
3
T P PR PEEPEE FEEEPEPEPRPEERREEOPREERRE
H]
o
L
SO0 - rn e memnn ek
450 |
400 oo
T
Time [sec]
[z [TECST2E [ [RZ [TERH [WAE [T2CHL DB $@[CORR

like the mode
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ANNEX I. CONVECTIONAL HEAT EXCHANGE

Coefficient of convection heat exchange per surface unit . ony
[W/(m2:-K)] is written as

k
Aconv = ;Nu; Nu = C(Gr Pr)" (1.1)

where Nu - the Nusselt number; Gr, Pr - Grashof and Prandtl num-
bers, respectively.

The Grashof number Gr is described as:

3
. gﬂ% (1.2)

where g = 9.8 m/c?, B = 1/T [1/K] - linear expansion coefficient for
the ambient gas at given conditions (usually at normal ones); T [K] -
the gas absolute temperature; AT - temperature difference consid-
ered; x [m] - characteristic linear size of the object (we recommend it

to be the bigger side of the surface involved in the heat exchange); v
[m?/s] - kinematic viscosity.

The Prandtl number Pr and gas thermal diffusivity a can be calculat-
ed as:

v
PT‘=E (|3)
a=— 4
= (1.4)

where p [kg/m3] - gas density; ¢, [J/(kg-K)] - gas heat capacity at
constant pressure.
If 1 < Pr <1000 and 103 < Gr Pr < 10°, we deal with a laminar

flow and then the coefficients in Eg. (7.1) are the following C = 0.75,
n = 0.25,ie.
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k
Ccony = 0.75(Gr Pr)%2> (1.5)

Table 1.1 offers dry air parameters at normal pressure and tempera-
ture 20 °C and 30 °C.

Table 1.1
T, °C o kgms % J}g K9* Wim-K) 1105 m?s
20 1.205 1000 0.0260 15.06
30 1.165 1000 0.0268 16.00

Consider an example of calculations. For AT = 3K (approximately

true in Z-metering). In Table 1.2 the estimates for a ., are given for
some TE modules in the air at 20 °C.

Table I.2
TE module type x-10%, m QA conys WIM2K (20°C)
1MCO04-004-xx 3.2 10.87
1MCO06-018-xx 6.0 9.29
1MCO04-070-xx 9.6 8.26
1MCO06-105-xx 15.0 7.38

The full passive convectional flow onto the surface F; (the TE module
substrate, including lateral sides) is:

Qpas conv = AconvF1AT (1.6)
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ANNEX II. RADIATION HEAT EXCHANGE
Designations:
"1" - object (TE module):
Surface — F;, m? (TE module surface);
A4 — emissivity;
T; — temperature.
"2" - hemisphere cover:
Surface — F,, m?;
A, — emissivity;
T, — temperature.
General data:

The hemisphere cover surface, m2: F, = 2mR?,,0r = 0.062 m?
(Reover = 10 cm).

Emissivities:
A4 = 0.8 (typical for ceramics),
A, = 0.45 (typical for stainless steel).

The method of estimating effective emissivity between bodies 1 and
2 can be obtained as:

A1z =7 F (1 _1) (1.1)

For micro modules F, < F4 and effective emissivity nearly coincides
with the value A4. Further we consider this case.

In the Standard option the radiation heat exchange coefficient a,.,4
[W/m?2K] can be estimated as:
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Urqa = OspAq (Tf%ot + Tczold)( Thot + Tcota) (1.2)

where ogp - Stefan-Boltzmann constant.

For testing a TE module in the Z — R — T -metering option, free heat
exchange mode the value «a,.,4 €quals the following:

Arqq = 4055 A1 T3 (I.3)
For testing a TE module in the Z — R — T-metering option and the
base side temperature stabilized at T}, the value a,.,4 - defined via

Thot:

Araa = 405541 Tt (1.4)

Then the full passive radiation flow onto the surface F; (the TE mod-
ule substrate, including lateral sides) is:

Qpas conv = ArqaF1AT (11.5)
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ANNEX Ill. THERMAL CONDUCTANCE BETWEEN PELLETS

Consider one stage of a TE module. The correction b, characterizes
additional thermal conductivity between the pellets:

k' = k(1 + b.p) (I11.1)

where k - p-n type average thermal conductivity of TE material.

The value by, is estimated as the sum of corrections for thermal con-
ductivity in the air and radiation:

b¢n = Bair + Braa (n.2)

where B,;,- - correction for thermal conductivity in the air; B,44 - that
for radiation.

Introduce 8 as the pellets filling coefficient:

ns

B== (I11.3)

where n - pellets number; s - pellet cross-section; S - cold substrate
surface.

The value B,;, is calculated as:

kair (1
Bair = %(— - 1) (111.4)

The correction for radiation can be written as:

l 1
Brad = EVO-SB ([_? - 1) (Thot + Tcold)(TI%ot + Tczold) (|||.5)
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where ogp - the Stefan-Boltzmann constant; y - emissivity of the in-
ner side of the TE module substrate; T}, - the hot side temperature;
T ;014 - the cold side temperature.

For small electric currents (for example while measuring Z) Tpy: =
Tcoia = Tg4, and formula (9.5) can be rewritten as:

M ,
Braa = 2 V055 (E - 1)1 )

In Table Ill.1 we give the calculated results for B ;- and B,.,4 for typ-
ical TE modules at T, = 293 K for typical temperature of Z, R, -
metering: Tpor = 293 K, Teo1a = 290 K (AT = 3 K).

Table I1.1
TE module type B Bgir Braa
1MC04-004-05 0.25 0.055 0.005
1MC04-004-15 0.25 0.055 0.014
1MCO06-018-05 0.36 0.032 0.003
1MC06-018-15 0.36 0.032 0.009
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ANNEX IV. HEAT FLUX ALONG LEADING WIRES

Consider a wire with no insulation, the cross-section is S, the length
is L, the cross-section perimeter is U. Let a stand for the heat ex-
change coefficient per the wire surface unit.

Thot =Ta , Teold

If x = 0 marks the hot end of the wire, the cold end has the coordi-
nate x = L. The heat conduction equation for such a pellet exposed
to the electric current of the density j has the following form in one-
dimensional equation:

d2T(x)

k dx?

+j2p+A(T,—T(x)) =0 (IV.1)

where k - the wire material thermal conductivity; p - its electrical re-
sistivity; T'(x) - temperature in the coordinate x.

The value A is defined as:

U
A=a— V.2
s (IvV.2)

We take the following boundary conditions: the cold end temperature
is Tco14, the hot end temperature is Ty ¢

T(xX)x=0 = Thots T(X)x=1 = Tcota (IV.3)

The heat flux arriving at the cold end equals
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(IV.4)

Solving Eq. (10.1) we find the temperature distribution along the wire:

j*o, . J2P  x y_ am|SR(PL)
T(@) =Ty =~ (" 1)+{7(ep 1) AT}Sh(pL) (IV.5)

where

A
= AT = Thot — Teota

p: k

The passive heat flow onto the cold end is yielded (10.4) and (10.5):

j p j*p ch(pL)
Qpas = NSVAk [—eP! + { (1—ePl) + AT} QL) (IV.6)

In vacuum the radiation heat exchange coefficient [W/(m?-K)] can be
estimated as:

Oraa = Vs (Taw + Ta)(Tc%v + Tc%) (Iv.7)

where T,,, = %(Tho,t + T.014): Osp - the Stefan-Boltzmann constant,

is the emissivity of the wire surface. T, is the ambient temperature, or
the temperature of the cover, it is taken 20°C=293 K by default.

In the TEC Expert DX8020 methods the corrections on the passive
heat flow along the wires are considered for the TE module cold side
only (no corrections for intermediate substrates). There may be two
different types of these wires:

1) Thermistor wires (Pt);

2) Heater wires.
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Consider exemplary calculations for both the types.

1) The common parameters of thermistor wires: the material is
copper, k = 400 W/mK, p = 1.667 - 1078 Ohm - m. The wire
diameter is 0.07 mm, the length is L = 40 mm. The electric cur-
rent is 1 mA (approximately for the 100 Ohm thermoresistor).
The ambient temperature T, = 20°C. The hot end temperature
Thot = Ty. The cold end temperature T,,;q = —50°C (approxi-
mate minimal temperature of a single-stage TE module cold
substrate at 1,4, and T, = 20°C). The heat exchange for the
wire surface is that of radiation. For copper we take the value of
emissivity y = 0.02 (polished copper).

Then the heat exchange coefficient a equals a = 0.095 W/

2 2
(m?K). At the small current (here % < AT,%~O.173) and if

the wire thermal conductance is high enough while the radiation
heat exchange from the surface is low: pL < 1 (here the value
pL is equal to 0.16), the temperature distribution along the wire
is nearly linear — in figure below you are given the results of the
exact calculation:

300
280 A
260 -
= 240
220 A

200 \ \ \

0 10 20 30 40
X, mm

l.e. Eq. (IV.5) can be rewritten as:

sh(px)

T(x) =T, — ATSh(pL)

(IV.8)
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and the expression for the heat flow at the cold end of the wire:

S
Qpas = k ZAT (IvV.9)

The exact calculation resulted from Egs. (IV.5), (IV.6): Q =
7.189 mW. The result of the approximate calculation yields: Q =
7.180 mWW. We see the results are very close.

In the software Eq. (1V.9). is applied for thermistor. For N wires
Eq. (IV.9). is written as:

S
Qpas = Nk AT (IV.10)

For N = 2 the thermoresistor wires with the parameters and at
the conditions given provide the summed passive heat load onto
the cold substrate 5.39 mW.

2) Consider the following parameters of the heater wires: the mate-
rial is copper, k = 400 W/mK, p = 1.667 - 10"80hm - m. The
wire diameter is 0.15 mm, the length is L = 40 mm. The electric
current is 1 A (approximately for the heater of the nominal 6.8
Ohm at the load 6.8 W). The ambient temperature T, = 20°C.
For an estimation of the passive heat load in the standard
Q(AT) measuring option we take T.,;4 = —20 °C.

The heat exchange for the wire surface is that of radiation. For
copper we take the value of emissivity y = 0.02 (polished cop-
per). Then the heat exchange coefficient equals a =
0.095 W /(m2 - K).

For this instance, the temperature distribution along the wire is
non-linear.
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300

280 -
¥ 260 -
240 -

220 -

200 T T T

X, mm

In the calculations the exact formulae (IV.5-1V.6) are necessary.
As a result, we have Qpqs =31 mW. The approximate Eqg.
(10.9), considering thermal conductance only would have been:
Qpas = 12 mW, which is too rough an underestimation.

In the software for the heater correction Eq. (1V.6) is applied. For
N wires Eq. (IV.6) is written as follows:

_ JP L 2P o ch(pL)
Qpas = NSVAk [—eP { (1 ep)+AT}Sh(pL) (IV.11)

For N = 2 the heater wires with the parameters and at the condi-
tions given provide the summed passive heat load onto the cold
substrate 62 mW.
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ANNEX V. N-POWER POLYNOMIAL INTERPOLATION

The polynomial interpolation approach suggested is based on the
least squares method.

Let us take a two-dimensional set of N points y;(x;). Consider an n-
power polynomial;

N
y(x) = Ag + Apx + Apx® + L+ A x4 = ) A (VD)
j=0

Introducing the following coefficients:

i=1 i=1 =1
N
aq =in,a0 = N;
i=1
N N . (V.2)
-1
bn=ZYLxln'bn—1=ZYixin - =inyi
i=1 i=1 =1
N
by = Z}’i
i=1

We solve the system of (n + 1) equations and find the coefficient 4;:

Ap-apn+An-q Ap1+ .+ A1 Arpn+ 40" an-1 — by
=0

Ap-Qynq+Ap_ g Ao+ .t A1 a1+ 40 Ay, (V.3)
—bp1=0

An'an+1 +An_1'an+ ...+A1'a2 +A0'a1_b1=0
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An'an+An_1'an_1+ ...+A1'a1+A0'a0_b0:0

The mean square deviation o is given by:

o= ?Izl(P(xi) - Yi)z (V.4)
N
Let us consider an example of 2-power polynomial:
y(x) = Ax?* + Bx + C (V.5)

If the following designations are true:

N
a= Zx?,b = Zx?, c =le-2, d =le-,
= = =1 =
f=N (V.6)
N N N
aa = yixiz,ab=2yixi,ac=2yi
i=1 i=1 i=1

We solve the following set of equations and find A4, B, C:

Aa+B-b+C-c—aa=0
A-b+B-c+C-d—ab=0 V.7)
A c+B-d+C-N—ac=0

For the linear interpolation:
y(x) = Ax + B (V.8)

If we designate:
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(V.9)

We solve the following set of equations and find the coefficients A, B:

Aa+Bb—aa=0

(V.10)
Ab+Bc—ab=0
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ANNEX VI. MEASUREMENT OF Ii0x, AT masx

To obtain the values I, ATnqx We interpolate the part of the de-
pendence I (AT) in the vicinity of its maximum by a square-law poly-
nomial (see “Annex V. n-Power Polynomial Interpolation”):

AT(I) = AI? +BI + C (VI.1)

The interpolation is taken at the electric current segment [Iy, I;;,]- By
default, I = 0.51,,,4, is the starting measured point, I};;,, = 1.21,,4x
is that finishing (/4 is the value taken from specifications or estima-
tions).

Once the interpolation is over, the maximal I;,4,, AT;,4, are obtained
as:

B
Lpax = o4’ ATmax = AT (Iinax) (V1.2)

Let us take an example. Suppose the following data are measured
(see Figure VI.1). The interpolating limits are taken as I};,, = 4.5 A,
Iy = 1.5 A. The interpolation polynomial is given in Eq. (VI1.3) and is
illustrated in figure below.

AT(I) = —3.913AT? + 24.417AT + 32.554 (VL.3)
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Fig. VI.1

The mean square deviation on the interval [1.5A, 4.5A]: 0 = 0.22 K.
The values are Ip,q = 3.124, ATpq = 70.642 K.
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ANNEX VII. Q;ngx MEASUREMENT.AT 0, CORRECTION

The measured points are linearly interpolated and the curve Q(AT) is
obtained (see “Annex V. n-Power Polynomial Interpolation”):

Q(AT) = AX AT + B (VI1.1)
The value Q,,,,, is defined as Q(0) = B:

Qmax = B (VI1.2)

The value AT,,4, for the current I is obtained from Eq. (VII.1) npu

Q=0:

B
MTrmax = = (VIL.3)

Consider an example. Suppose the measured data are given below.
The calculated for the TEC Q4 = 3.26 W, so we choose Qi) =
1.6 W.

The measured and interpolated results without corrections are given
in figure below.

3,6 \ \ \ \

3.2 —o— Q(dT) tested
2,8 _ |
2.4 Interpolation-tested

.2
16
, N
1,2 N

08 .

0,4
0

0 10 20 30 40 50 60 70 80

dT, K
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The mean square deviation in the range [35.9K, 68.7K]: 0 =
0.025 W. Eqg. (VII.2) yields Qqx = 2.929 W. With the help of Eq.
(VI1.3) we obtain AT, ,, = 71.35K.

If it is necessary to calculate corrections considering a passive heat
flow Qpqs through the wires, for each point AT; the passive heat load
is estimated (see “Annex IV. Heat Flux along Leading Wires”). By the
points obtained we get a new dependence Q' = Q + Qpqs Of AT.
After interpolating the new dependence according to the above algo-
rithm, we find the corrected values Q’,qx» AT max (S€€ the “Standard
Mode”).

32 \ —¢— Cltested _

28 < Interpolation-tested -

24 \-\ —— Qcorrected 7
2 3 — |

fe] =] nterpolation-corrected
16 St
1.2 N

08

O.é =

0 10 20 30 40 50 g0 70 g0

AT, grad

The corrected value AT’,,,,, 1S 73.2 K.
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ANNEX VIIl. MEASUREMENT OF FIGURE-OF-MERIT Z

The rate equations of the heat balance for a single-stage TE module
can be written as:

1 2 1 Acold
alTeo1q — EI R—k (Thot - Tcold) = N (Ta — Teota)
(VIILLD)
1, / _ Ohot
aIThot + EI R—k (Thot - cold) - N (Thot - Ta)

. . L
where I - TE module current; R - electrical resistance (R = e where

o - pellet material electrical conductivity; L - pellet length; s - its
cross-section); T.,;q - TE module cold side temperature; Tp,: - TE
module hot side temperature; T, - the ambient temperature; N - pel-
lets number; a o4 - Summed coefficient of the heat exchange of the
cold side; ap,+ - summed coefficient of the heat exchange of the hot
side. The value k' - TE module pellet effective thermal conductance
considering heat flows between the pellets (see Annex III).

Egs. (VII.1) are solved without allowing for TE properties tempera-
ture dependence, which can be accepted as the tested currents are
very small (I~0.011,,44)-

We suppose that

!

a a k
—cold « K, % <k, I<— (VIIL.2)

Accurate within the first order of smallness of the values (14.2), we
find the following expression Z = a?c/k:

_ 1 1Uq 1+ bth)(l + br)
#=7 o]

(1+ by)

(VIII.3)

av
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. [u . .

The ratio [U—“] in Eqg. (VIII.3) must be averaged for two current di-
Riaqy

rections to eliminate the terms depending on the current linearly and

to extract the corrections by, b, by.
The expressions for by, b,-, br are as follows:

1. by is the correction for additional thermal transfer between the
pellets:

btn = Beona + Braas (ViL.4)

where the values B.,,q and B,,,; are calculated as shown in
Annex lll.

2. b, is the correction for electrical resistance of the leading wires:

2r
b,

= (VIIL.5)
RTEC

where r - electrical resistance of one wire, Rrgc - that of the TE
module without the wires: Rz = R — 2r.

3  bris the correction allowing for non-equality of the average tem-
perature T, of the module and T:

br = bro + br1 (1 + brg) + bra,
3 I?RN
 (Acota + o) Ta
®coldXhot (aD)®N (VII1.6)
 (@cota + o) KN (@cora + Anor)k

2
b _ <(acold - ahot)) IZR
2 (acold + ahot) 2kTa

bTO

by, =

The values a.qq4, 8nhot Can be estimated considering natural convec-
tion in the air (if not in vacuum) and radiation: @co1q/not = ( Xcony +
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Qrad) Scold/not» Where @cony, and a,qq - convection and radiation
heat exchange coefficients, respectively (see Annex | and II).

It is of vital concern that Eq. (14.3) remains true if the inequalities
(14.2) are modified the following way:

!

a
Ol k', Qg K Anopy | < — (VIIL.7)

N

It means that the method allows testing Z of a TE module if its hot
side | in a rather intensive heat exchange. That is why the Z — R — -
metering option can be used for testing a TE module mounted on

1 . .
= R; is the header thermal resistance.

some header. Then
Qhot

In the extreme case Ap,; = o0 we come to the expression for Z of a
TE module, its hot side stabilized at the temperature Tj,:

7 = 1 [Ua] (1 + bth)(l + br)
B ThOt UR av | — acold + IZR (V|”8)
kN 2kThot

The measured Z of a single-stage TE module allows estimating the
module AT, at the given Ty (por):

\/1 + ZZTa(hot) -1
Z

(VI11.9)

ATnax (Ta(hot)) = Ta(hot) -
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REFERENCE 1. MATERIALS USEFUL PROPERTIES

Material

Aluminum
Copper

Gold

Iron

Lead
Molybdenum
Nickel
Platinum
Silver
Stainless steel
Tin

Wolfram

Zinc

ver.2.01 (2022)

2700
8 960
19 320
7210
11 210
10 220
8910
21 450
10 500
8 010
7 310
19 350
7 150

Thermal
Density, kg/m® conductivity,

237
400
317
83
35
138
90
72
429
14.5
64
174
112

Specific heat,

900
385
128
460
130
249
448
133
235
460
226
132
381

User Guide

Table R1

Electrical
resistivity,

10 mOhm

2.8
1.7
2.3
8.71
19.3
5.6
6.1
10.9
1.7
8.4
10.1
5.6
55
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REFERENCE 2. TERMS AND DEFINITIONS

Term

Ambient
temperature
Cold side
temperature

Hot side
temperature

Temperature
difference

Cooling capacity

Heat load

Active heat load

Passive heat load

TE module
electric current

TE module
electric voltage

TE module
electric power

Heat to be
rejected
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Definition

Temperature of ambient where
the TEC module is installed

Temperature of a TE module
external cold substrate surface

Temperature of a TE module (TE
module system) hot (heat reject-
ing) surface

The difference of the values Thot
and T,,;qfor a TE module (TE
module system)

A heat amount possible to be
pumped from a TE module cold
side per a time unit.

A heat amount supposed to be
pumped by a TE module per a
time unit. It should equal the value

Q.

A heat load to be pumped directly
from the object to be cooled

A heat load that arises from the
heat interchange with the ambi-
ent, thermal radiation and conduc-
tion accompanying processes

Electric current flows through a
TE module

Voltage drop at TE module
Electric power consumed by a TE
module

A heat amount to be transferred
from the hot side of a TE module
(TE module system)

User Guide

Table R2

Symbol Units
T, K
Tcold K
Thot K
AT K
Q W
Q w
Qa w
Qpas w
I A
U \%
P W
Qhot w
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Term Definition Symbol Units

TE module AC resistance at a specified tem-

electric resistance perature T, R ohm

Maximal achievable TE module

Maximum
(TE module system) temperature
Ejeifrpeeg:]actgre difference at the zero TE module ATmax K
heat load Q = 0.
Maximum electric  Current at which AT}, iS I A
current achieved. max
Maximal possible TE module
. . cooling capacity at the zero TE
Maximum cooling  module (TE module system) tem- Qrmax W
capacity perature difference AT = 0 and
I =L
Maximum voltage TE module voltage at AT = Uy Vv
ATy and I = L.
The combination of TE material
parameters: the Seebeck coeffi-
cient «, electrical conductivity o
Figure-of-Merit and thermal conductivity k as Z = 7 1K

2
a“o . .
- Characterizes the material

efficiency at the temperature
given.

The time necessary for the raise

of the TE module temperature

difference from 0 up to 0.63 of T sec
steady-state value at the given

current switch on

TE module time
constant

TE module height H mm

TE module cold AXB, S5y Mm?

surface
TE module hot 2
surface CxD, Spor mm
A design interface between the
TE module hot side and heat sink
Header

providing a housing for the mod-
ule and pin-out.
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Term Definition Symbol Units

The value characterizing tempera-
Header thermal ture gradient on a header and R KW
resistance equals this gradient divided by t

Qhot-
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