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1. FOREWORD

The given 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 oper-
ate the facilities.

The DX8020 combines direct measurement and Z-R-t Meter capabilities and are
meant for measuring parameters of thermoelectric (TE) single-stage modules (direct
measurements and Z-R-t Meter) and multistage TE modules (direct measurements).

The equipment DX8020 enables the measurement of the following parameters —
see Table 1.1.

Tablel.1
Measured Parameter Designation Notes
TE module temperature difference versus AT=E(I)
electric current at zero heat load
TE module maximum temperature difference ATmax
at zero heat load
Electric current at which ATmax is achieved Imax
. . Direct m re-
TE module electric voltage versus electric u=f(l) ect measure
ments
current at zero heat load
Electric voltage at which ATmax is achieved Umax
TE module temperature difference versus Q=f(AT)
heat load available at electric current fixed
Maximum heat load capacity at Imax (AT=0) Qmax
TE module Figure-of-Merit Z
TE module electric resistance R
TE module time constant at 0.01Imax t Z-metering
Average Seebeck coefficient of TE material a
Average electric conductivity of TE material o

The DX8020 provides automatic capability to measure full specifications of a TE
module at one measuring cycle in given ambient conditions.

The equipment DX80200 is intended for acceptance, qualification and research test-
ing of TE modules.
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2. DX8020 DESCRIPTION
2.1. Objectives and Technical Data

2.1.1. Objectives

The ranges of the parameters of single- and multistage TE modules measured by
DX8020 are given in Table 2.1.

Table2.1
Measured parameter Designation Units Range Accuracy
Measured temperature T °C -120...85 +0.3°C
Maximum temperature ATmax °C 0...140 +0.3°C
difference
TE module electric current I A 0...7 +3 mA
TE module electric voltage U V 0...16 +3 mV
Maximum heat load Qmax W 20
Maximum electric power Pmax W 30
0.6 %, but
AC electric resistance AC R Ohm 0...100 not better
than 0.01
Ohm
TE module Figure-of-Merit Z *1000 1/K 0...4
Time constant t S 0...10
Average Seebeck coefficient
of TE material in the TE a nVv/K 100...300
module
Average electric conductivity
of TE material in the TE o 1/Ohm-cm | 400...2500
module
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2.1.2. Technical Data
2.1.2.1 Technical data of the facilities DX8020 are given in Table 2.2.
Table2.2
Parameter Designation Units Range Accuracy
Tested TE module_ cxD mmz 30x30
substrate max dimensions
Tested TE _module max H mm 30
height
Tested TE module electric Q A 0.6 0.005
current
Tested Tlforggdule heat Quat W 0.05 0.005
Additional heat load on a
stage of a multistage TE Thot W -10...85 0.2
module
Thermostabilizing surface Ohot oC 0...40
temperature
Maximum heat rejection DI W 0.001
Minimum electric current
modification step DThor A ! 0.2
Minimum thermostabiliz- |- g ijiz ation From 10's to 30
ing temperature modifica- time min

tion step

Time of temperature
stabilizing

Trace gases
pressure

Not exceeding
1x10 mm Hg

2.1.2.2 Electric power consumption:

AC voltage: - 220 +10/-15 V;
Electric power consumption: not exceeding 500 W.

2.1.2.3 The equipment DX8020 is meant for laboratory measurements at the ambi-

ent temperature 25+3°C and relative humidity up to 80%..
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2.2.

The equipment comprises the following:

Standard Kit

vacuum table;

sample holder;

control block;

pumping system Mini-TASK;
software;

interface cables set.

Version 1.20
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2.3. DX8020 Arrangement

1) The testing part of the device is a vacuum table
(see Figure 2.3-1) with the base thermally stabilized.
There is a sample holder on it. A TE module to be tested
is mounted on the sample holder.

2) The sample holder temperature is stabilized by
the TE module TM-127-1.4-6.0, its consumption con-
trolled.

3) The heat from the hot side of the thermostabliz-
ing TE module is rejected by the electric fan
CNPS7000A-Cu.

4) The leading wires of thermal resistors and the
wires of the heaters are soldered to the mounting pads of
the printed circuit board of the sample holder according to
the diagram given in Figure 2.3-2.

Hold-down

Vacuum cover

E
Control block . =
of Pumping \M ﬁ %
System indicator i
g2/ / 2=
28

Leak-in valve Heat sink / Power supply / E

connector ot

TEC sample

Thermostabilizin Thermostabilizing table connectors

table

Figure2.3-1
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a TE module tested (-) Heat load 1

Heat load 2

a TE module tested (+)

csscaceces &

¢ N + //_l ¢ Thermistor 2,2 kOhm
Pt resistor 4 (100 Ohm)

Pt resistor 2 (100 Ohm)
cold side

Pt resistor 1 (100 Ohm)

Pt resistor 3 (100 Ohm)
hot side (base)

Figure 2.3-2

5) The leading wires of the testing circuits and the cir-
cuits of power supply of the thermostabillizing TE module as
well as those of the tested TE module and of the heaters are
soldered to the vacuum-tight connectors "Lemo".

6) The vacuum chamber is closed by the cover which is
held down to the ring gasket.

7) The pumping is accomplished through the nipple by
the pumping system Mini-TASK (see Figure 2.3-3).
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Vacuum Scheme
Isolation Valve L9942304 (220V; 50/60Hz, 23W)

™\ normally closed
\\
\\
\
X Clamp KQ25AW o
< b=

\ Seal KC255V

B mg Flex KL01003940

N
| _EYESYS L97363200320
i | 20-27v; 150mA
Adapter TKA0630255 \\
. |5 i P
Clamps ICO63100A / “._Tees KT01000197
v

Seal ICO63SV

/ Air Admittance Valve L9942304 (220V; 50/60Hz, 23w)
normally closed

Pumping System Mini-TASK 9699171 (90-220V; 50/60Hz, 220 W)

Figure 2.3-3

8) Residual gases level is controlled by the vacuum pressure gauge (EYESYS Con-
vecTorr).

9) The DX8020 control and signals processing
is fulfilled by the control unit with the help of PC and
the software "DX8020 Operation Program". The =
measuring methods and necessary mathematics are :i
given hereinafter. = R = = SR ARSSS

10) The temperature of the base and that of
the tested TE module cold side is measured by plati-
num thermal resistors (Pt resistors, also temperature
sensors or thermistors) of the nominal resistance
100 Ohm, type HEL-700-T-1-A. The measuring ac-
curacy is £0.3 °C.
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2.3.1. Connection of Cables

All the connectors of the cables included in the kit are different, and allow an unam-
biguous connection.

2.3.2. How to Install TE Module to Be Tested

1) Prepare a TE module to be tested for measurement: identify the TE modules in
the database or input the module data into the database if it is newly developed (see Sec-
tion 3.5);

2) Mount the TE module to the substrate: apply either the solder 52%In-48%Sn
(melting temperature 117°C), or Rose's alloy (melting temperature 94°C), or a thermal
grease; use the solder Sn-63%, Pb-37% (melting temperature 183°C) to connect the TE
module wires outlets with the print circuit (observe the TE module polarity — see Figure
2.3-2.

IMPORTANT: It should be kept in mind that mounting by soldering provides more
accurate test results. However we do not recommend soldering mounting for large TE
modules (the linear dimensions exceeding 20 mm) to prevent effect of materials tempera-
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ture expanding coefficients mismatch. Furthermore, it should be kept in mind that solder-
ing is only possible for TE modules with outer surfaces metalized.

3) Use either the solder 52%In-48%Sn (melting temperature 117°C), or Rose's alloy
(melting temperature 94°C), or a thermal grease to mount a ceramic or a copper substrate
onto the TE module cold side, with a microheater and the temperature sensor (the plati-
num thermal resistor of the nominal resistance 100 Ohm, type HEL-700-T-1-A).

) ‘(" meid

-

4) Solder the outlets of the temperature sensors (Pt resistors) and the wires of the
heater on the print circuit of the sample holder according to the diagram given in Figure
2.3-2.

It should be borne in mind that thermistor 1 (see Figure 2.3-2) is used to measure
the temperature of the base (the "hot" side of the module), and thermistor 2 (see Figure
2.3-2) - to measure the temperature of the "cold" side of the module.

Circuitry of the facilities is such that the thermistors work in pairs: One pair -
thermistors 1 and 2, and another one - thermistors 3 and 4. When using only one
additional thermistor 3 or 4, the contacts of another should be connected together
(shorted).

5) Insert the sample holder with the TE module mounted into the fastening guides of
the vacuum table (Figure 2.3-1), pre-lubricating the mating surfaces with silicone oil.

Version 1.20

12



RMT Ltd. DX8020 User Guide

6) Connect the connectors of the sample holder to the vacuum-tight connectors of
the vacuum table.

8) Turn on the vacuum-pump and pump out to residual pressure less than 1-10 mm
Hg (see Section 2.3.3).

9) Turn on the control unit and perform the tests according to the methods and soft-
ware - see Chapters 3, 4.
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10) Having finished the tests, turn off the equipment, vacuum pump and let the air
into the vacuum chamber (see Section 2.3.3).

Version 1.20
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2.3.3. Vacuum Pumping System Operation

The vacuum pumping system should be assembled according to the scheme given
in Figure 2.3-3.

How to switch the vacuum pumping system ON:
1) Connect by the cable the control block
of the pumping system to the vacuum pumping sys-
tem Mini-Task Mini-Task (Figure 2.3-1).
2) Connect by the cable the electromag-

netic valve to the control block of the pumping sys-
tem (Figure 2.3-1).

3) Plug the §
power supply cable
into the control block
of the pumping sys-

tem.

4)  Switch on
the vacuum pumping system Mini-Task.

5) By the switch, switch on the control unit of the
pumping system (the green light "In operation" is blinking).

6) Press the button
"Start" on the control block of
the pumping system (the green
lamp "In operation" is on; the
vacuum pumping system starts pumping the air out of the
closed chamber).

7) If after 3.5 min the red lamp "Leakiness" is on, a
leakiness is detected in the vacuum system. In this case the control block turns off the
vacuum pumping system Mini-Task. It is possible to switch on the system again in 8 min.
The leak should be stopped.

8) On the chamber pressure reaching 1x10 mm Hg
the green lamp "System ready" is on and the equipment is
ready for measurement (the pressure is indicated by the vac-
uum pressure gauge "Eyesys ConvecTorr").

How to switch the vacuum pumping system OFF:

1) After the measurements, press the "Stop" button and hold it down for a few
seconds. The isolation valve closes on the system Mini-Task (Figure 2.3-3, valve #1) and
the air admittance valve opens (Figure 2.3-3, valve #2).

2)  The yellow lamp "Standstill" turns on. It is possible to switch on the system
again by the button "Start" in 8 min after the lamp "Standstill" goes out.
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2.4. Maintenance
1) Perform the following monthly maintenance:

wipe the vacuum table with ethyl alcohol;
clear the fan ribs of dust by a vacuum cleaner.

2) Once in a month control the data of the Pt resistors (temperature sensors) com-
paring them with the data of the standard thermometer. The admissible accuracy is
+0.3°C.

3) Once in a month control the data of Z-meter by the standard resistors.the Pt re-
sistors.

4) When in operation do not bar the vent-holes of the equipment DX8020 control
unit.

Version 1.20
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3. DX8020 OPERATION PROGRAM
3.1. Program Preparation

3.1.1. 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 Win-
dows operating system.

To work with the program you need:

: IBM PC compatible computer with WINDOWS 98/2000/XP (2000/XP recom-
mended);
: free serial port;
10 MB free disk space;
256 MB RAM.

The recommended screen resolution is 1024x768.

3.1.2. Program Installation
The program distributive is supplied on the CD delivered with the facilities.
Insert your CD into the appropriate drive and start the Setup program — Figure 3.1-1

i'l?‘ DXEG020 Operation Program Setup El

Installation Folder }’;:'-C:'"m:u‘ -

e, s
. . . . e (s
Select an ingtallation falder and click Mest to continue. e if fﬂf*éfé{t?
| 'E : I.'.

The zaftware will be installed in the folder izted below. Tonstall to a different folder,
either tupe in a new path, or click Change to brovse for an existing folder.

Inztall D3020 O peration Program to:

C:%Program Filezsh 020 Dperation Program Change... |

Space required an drive; 1K

Space avallable on zelected dive: ¥34 MB

< Back I MHewt » I Cancel

Figure3.1-1

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

To connect with the device it is necessary:
connect the device DX8020 and computer by the interface wire;
select the menu item "Main Menu"-"File"-"Connect"-"Settings".

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

Connection properkty 5'

Parameters
Com Part Mumber

7] -

Com Part baud rate

|1152I:II:I

W Ok | x Ear‘u:ell

select the menu item "Main Menu"-"File"-"Connect"-"Connect".

If the connection is successful, the status says "DX8020 ver. 100 found at
COM1(2)"- Figure 3.2-1.

8020 wer. 100 found &t com part 1.

Figure3.2-1

If the connection fails, the message of an unsuccessful attempt to connect to the
device appears — Figure 3.2-2.

Eror x|

D020 device nok Found, Check connection and
communication paramekers.,

Figure 3.2-2

To solve this problem, follow these steps.
Check the connection of the device with your computer;
Check the power supply unit;
Turn off and on the device;
Restart the software;
If nothing helps, contact the program author.

3.3. Disconnection

To disconnect, select the menu item "Main Menu"-"File"-"Connect"-"Disconnect".

Version 1.20
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3.4. Main Window "DX8020 Operation Program”
After starting the program, the software main window depicted in the figure appears.

1 DX8020 Application ==l x|

File Tests

- Control paret——

50 100 150 200 250 200 250 400 450 500
Points

Hot zide temperature

Cold side temperature

Difference temperature

Current hot side temperature: -

Sethntswdatemparalurel mg‘ Jl

[ [P[iecss A1 42 [eAn [V [rzoAL oG @[coRRl. |
Figure 3.4-1
The main window can be divided into three fields.

Main menu;
Temperature sensors panel;
Status panel.

Main Menu

The main menu structure is shown below.
File Tests File | Tests File | Tests

Connect  » [Tl TE Conler selection TE Cooler selection
Drisconneck:

- Standard tests dT(I}, LT} Standard tests
Settings Z - Meter 3 QidT) 2 e TE Madule free in the Air

Expert mode Expert mode TE Madule free in the Yacuum
TE Madule with Hot Side Temperature Stabilized

Opas Parameters Propetties

TE Materials Properties Testing

Figure 3.4-2
In the Z-Meter mode there is an additional menu item "Z-Meter History".

File Tests | ZMeter Histary
Show Historsy E

—T amhb [

Figure 3.4-3
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Temperature sensors panel is located in the right-hand part of the main window (see
Figure 3.4-4).

Contral panel

[}
h
4
.
.
1
1

]
h
f
1
1
1
1
dbocddbecboclose|iasal

B e B I e ] B

14600 1600 1700 1800 14900 2000
Point=

Hot zide temperature

298

Cold zide temperature
26.6

Difference temperature

3.2

Current hot side temperature: 30.0

Set hot side temperature | 27.0 EI: W

Figure 3.4-4

The telemetry data from the sensors "T;" (Hot side temperature) and "T," (Cold side
temperature), as well as the difference between the two values is displayed continuously
except the periods of measurement.

To set the hot side temperature is only available at a testing mode selected.
Status Panel
This panel is intended for the output of:

device identification;

device mode;

temperature stabilization status;
vacuum status;

corrections status.

38020 wer. 100 found on 1 com port. TECSTAR [H1 ‘

Figure 3.4-5
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3.5.

TE Module Selection from the Database

To select a TE module from the database choose from the Main Menu the item
"Main Menu"-"Tests"-"TE Cooler selection". The following window will be displayed:

Baze List

1+ C04-004-05
1M C04-004-03
1M C04-004-10
1MC04-004-12
1MC04-004-15
1M C04-005-05
1M C04-008-08
1MC04-008-10
1MC04-003-12
1MC04-008-15
1M C04-012-05
1MC04-012-08
1MC04-012-10
1MC04-012412
1MC04-012-15
1M C04-015-05
1M C04-015-08
1MC04-018-10
1MC04-0158-12
1MC04-018-15
1M C04-024-05

£
One Stage
TE Cooler
D [ 144C04-004-05
Cold zize dimenzionz [mm » mm] 16% 32
Hat zize dimensgions [rmm = mm] 32K 32
Ceramics thickness [mm] 0.5
Pellets number a
TE pellets crozz-zection [mm = mm] 04# 04
TE pellets height [mm] 0.5
—Fer awire
Electrical rezsistivity [«E-8 Dhm = m] 1.6667
Length [rim] a0
Crozz-section [mm”™2] 0.049
—Property
kA v current [rd] 1450
_" b aximurm heat load [vB] 450
| Select | | Cancel |

Figure3.5-1

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

For adding a TE module not included it is necessary to choose "USERBASE" from
combo box — see Figure 3.5-2.

Then press the button "New" - Figure 3.5-3.

Baze List
RMTEASE =]
RMTEASE
Figure 3.5-2
| M e | | Select | |

Figure 3.5-3

You are supposed to input the values of parameters required and save the new TE
module specification pressing the button "Add" - Figure 3.5-4.

Version 1

.20
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F
B ase List Fsutage\
USERBASE j —TE Cooler
USER D |Mew
Cold zize dimenzionz [mm » mm] 0
Hat zize dimensgions [rmm = mm] 0

Ceramics thickness [mm]
Pelletz number

ojlojojol o

TE pellets crozz-zection [mm = mm] 0lx
TE pellets height [mm]

—Fer awire
Electrical rezsistivity [«E-8 Dhm = m]
Length [rim]

Crozz-section [mm”™2]

—Property
kA v current [rd]
b aximurm heat load [vB]

[} (s ) o ) D’

Figure 3.5-4

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.

Version 1.20
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4, MEASURING METHODS

The equipment DX8020 provide 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: DT(l), U(l);

1.2 At varied heat load at a certain electric current: Q(DT)

2. EXPERT: testing of a TE module parameters in the given operational point (given
operating current, heat load and stabilizing temperature).

3. Z-R-t 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. Testing of TE Materials PROPERTIES in a TE module (vacuum)

Before the measurements, select the type of the module tested.
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4.1. Standard Mode

The major task of the standard measurements is to measure Standard Performance
Plots and to confirm the tested TE module standard specifications, i.e. the following pa-
rameters: DTmax, Qmaxs Imax, Umax iN vacuum. The tested TE module hot side temperature
Thot CaN be fixed within the range available (Table 2.2).

The characteristics measured in this mode are:

DT(l) — temperature difference dependent on electric current at the cooling ca-
pacity Q=0. The plot is used to obtain |, and DT« Of @ TE module.

U(l) — volt-ampere characteristics at the cooling capacity Q=0. The plot is
used to obtain Upmay.

Q(DT) — Temperature difference versus cooling capacity DT(Q, 1) and voltage
versus temperature difference U(DT, I) at a certain current up to Inax. The results are Qmax
and DT 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 2.3.2, 3).

2) The TE module hot side is mounted onto the sample holder mounting surface
(see Section 2.3.2, 2).

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 Ty, oOf the
thermostabilizing surface is fixed within the range available (see Table 2.2).

5)  The cover is closed;

6) The vacuum chamber is pumped out to pressure of residual gases not ex-
ceeding 1-10 mm Hg.

Version 1.20
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4.1.1. Measurement of DT(l), U(l) at Q=0

This mode is to enable building the dependences of the TE module tempera-
ture difference DT and the voltage U on electric current I, as well as obtaining the
values DT yax(Imax), Umax, Imax — S€€ Section Mathematical Annex VI. Measurement of
Imax, DTmax.

The additional requirement: the heater is off.
The testing procedure in the automatic mode is as follows:
1) Setthe required temperature of the thermostabilized surface Tpot.

2) Choose the TE module stabilization time tsg, and wait until the base tempera-
ture is steady.

3) Set the limiting testing electric current values (see Mathematical Annex VI.
Measurement of Imax, DTmax);

4)  Setthe electric current step.

5)  Start measuring. Consistently the TE module is fed by a constant electric cur-
rent, beginning from DI, TE module is maintained at a given current during tsp to achieve
steady-state.

6) For each electric current value | the TE module temperature difference DT(l)
and voltage U(l) are captured: in a steady state the following parameters are registered:
TE module electric current, voltage drop, the base temperature; temperature difference
between the base and TE module cold surface;

7) 8) The data DT(I) are processed; the values lnax, Umax, DTmax are calculated
with no corrections applied (see Mathematical Annex VI. Measurement of Imax, DTmax).

To enter this mode of measurement, you must select "Main Menu"-"Tests"-
"Standard tests"-"dT(l), U(l)". The window of measurements looks as shown (Figure
4.1-1).

It should be noted that after starting measurements the thermal stabilization of the
base is done in accordance with set. The temperature of the set point can be changed
"Set hot side temperature”.
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1§ DX8020 Dperation programm 1= x|
File Tests
[Performance plots dT(D), U(T) (@ Qcold =0 [¢]  Control panel
500 100 150 200 26
o = Pairts
e =
= Hot zide temperature [*C]

1[ma]

+
o
I [me]

Cold side temperature ["C]

Difference temperature [*C]

r—Difference temperature [*C]

Current hot side temperature: -

Curient [mb]

Yalkage [mb]

Sethntswdatemparalurel mg‘ Jl
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Figure4.1-1
The window is divided into several fields.

Field of plots dT(I) and U(l);
Field of current values dT, I, U;
Table of measured points;
Control Panel.

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

Field of plots dT(I) and U(l) is shown in Figure 4.1-2.
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Figure4.1-2

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 highlighted by the red colour in the sum-
mary table, see — Figure 4.1-3.

[nlul Jul [u]ulu]

&6 73 ea7 | T2 A0
Figure4.1-3

Mistaken and unnecessary points can be deleted. To do it just approach 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 obtain the context menu — Figure 4.1-4.

Faint info

First point of polynormial
Last paint of polynomial

Palynarmial calculation

Celete point 1

v Link with table

Figure4.1-4

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 estimated if the module is stabilized or
not.

Ditference temperature [*C] Current [rd] Waltage [r]

87.3 2200 8344

Figure4.1-5
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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 dTmax, Imax, Umax and the values
dTmax, Imax, Umax calculated by a polynomial.

N | TelC] | ThIC] | dT[C] | U] | Ima] A
4 4319 270 709 3541 200
I 51.5 271 78.5 4216 1000
1 s 570 271 24.1 4370 1200
| 7 0.7 271 87.5 5520 1400
1 s 2.9 270 8.9 E172 1600
3 635 271 30. £345 1300

_—————

dTmax [c] | Urnas ] | Imas [ma] | dTmas [] | Umas [miv] | Imas [md]
90.6 Fa43 1800 90.8 739 1748

Figure4.1-6
The red-coloured line corresponds to the point indicated by the mouse.
Control Panel

This field allows control of the testing procedure.
“\~Parameters of measurement

Tested TEC cumrent [md)] I 1 5‘ W Apply |

Automatical mesurnng rmode:

Start curment [ I 0 Stabilization time [zec] I o

End cument [
Step cument [md) I | start | | S |
1 et point |
Figure4.1-7

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 hot side temperaturel 270 EI: v

Figure4.1-8

The test can be done either manually or automatically.

Testing Manually

Set the electric current value and click "apply", see Figure 4.1-9.

Tested TEC current [mi) 2200 EI: W Apply

Figure4.1-9
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After achieving a steady-state temperature of the module cold side press the button
"Get point" — see Figure 4.1-10.

et Point

Figure4.1-10
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 —
Figure 4.1-11.

Start current [rmd] 200 Stabilization time [sec] 120
End current [rmd) 2200
Stark
Chep current [rmad] 200
Figure4.1-11

To start the measuring cycle press the button "Start". The data will be taken auto-
matically within the settings given.

After the test is over, a square-law polynomial is built by all the measured points.
The measured values dTmax, Umax, Imax and the values dTmax, Umax, Imax extracted
from the polynomial are displayed.

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

This mode is intended for obtaining the dependence of the TE module heat load Q
on the module temperature difference dT at the given electric current |, as well as for cal-
culating the maximum heat to be pumped Qmax and extracting the corrected value
dTmax at the given current. See Mathematical Annex VII. Qmax Measurement and DTrrax
Correction.

The additional requirement in this option: the heater is off.
The testing procedure is as follows.
1) Setthe required temperature of the thermostabilized surface Tpot.

2) Choose the TE module stabilization time tsg, and wait until the base tempera-
ture is steady.

3) Set the current | through the TE module. To measure the specification value
Qmax the condition is | = Ihax, Where Ina is obtained either during the measurements (see
Measurement of DT(l), U(l) at Q=0), either by calculation.

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

Qiim = Qmax » (4.1.1)

N

where Qmax is the TE module maximum cooling capacity estimated by calculations at the
chosen current.

5) At the given current the TE module temperature difference DT is measured for
5 values of the heater power: Q=(0, 0.25, 0.5, 0.75, 1)Q;n. For each measurement the TE
module stabilization time is tsap.

6) Build the curve Q(DT) by the measured points using linear interpolation (See
Mathematical Annex VII. Qmax Measurement and DTrrax Correction).

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

Qpas(DT) = Qe (BT) (4.1.2)
(see Mathematical Annex IV. Passive Heat Flux along the Leading Wires).
8)  The new curve is built Q(DT) = Q(DT) + Q,,s(DT)
9)  Find Qmax, DTmax @t a given current (see Mathematical Annex VII. Qmax Meas-
urement and DTmax Correction)

10) Find Q'max, DT'max @t a given current (see Mathematical Annex VII. Qmax
Measurement and DTmax Correction).

IMPORTANT: If you need to consider amendments to the passive 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 Parameters", Boc-
used bookmark "Standard test : Q(dT)" see Figure 4.1-12.

Version 1.20

30



RMT Ltd. DX8020 User Guide

x|
General Constants ‘| Standard test; Q[dT] ™.

WWires type

MHurmber of wires

Diameter [mm] .07

Length [mm] 20

Thermal canductivity [ Amk] 400

Electrical rezistivity [Ohm = m = 1E&] 1.667

E mizzivity 0.0z

| (] | | Cancel
——
Figure4.1-12

The wires are divided into two types:

Type 1 - Wire Pt resistor;
Type 2 - wire heater.

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

"Standard tests" - "Q (dT)". Window measurements looks as shown in Figure (Figure
4.1-13).
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LT
File Tests
[Performance plots Q(dT) (@ fixed current [>]  Control pane!
g
E D mm e e e e N L R T Ers RET T T T PERE TR
= <] 50100 150 200 261
Points
Hot zide temperature [*C]
DI D: Cold side temperature ["C]
T [°C] dT [°C]
rDifference temperature [*C] Current [ma] Loaded [mi] ffzreies e ]
| N | | [mé] | dT [C] | 0 [miw] | Q0 [miw] ‘Qw‘l [m\,\:]lng [mive] | Patameters of measurement
Current through tested TE cooler [ma] I 0 5‘ Current hot side temperature: -
ke o () I U 5 Set hot side temparalurel 0.0 E‘ v |
Automatical mesuring mode:
Heat Power List [miw]
| of of of of ¢
[ tme) [ Omaximiw] | dTIC] | Omax[mw] [ dT[C] Statilization times [sec] 0
| Get point
I [zrd [TEEEmEE! B [H2 [TERMI M2t [T2EHL [DEE W@ CuRE

Figure4.1-13

The window contains several fields:
Fields of the plots Q(dT) and Q’(dT)
Field of current values dT, I, Q
Table of the measured points;
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 taking into account passive heat flows through the wires (see Figure 4.1-14).

Figure4.1-14
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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 colour in the table — see Figure
4.1-15.

N I[ma] | dT[C] | G[mw] | O [miw] | Qwl [miw]| Qw2 [miv]
2 1900 78 9R RON R11410 RAF7 4933
Figure4.1-15

Mistaken and unnecessary points can be deleted. To do it just approach 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 obtain the context menu as shown — Figure 4.1-16.

Paint info

Calculate polinom

Delete point

v Link ko table

Figure4.1-16
To delete a point choose "Delete point".
Field of current values dT, I, Q

This field displays current values dT, |, Q of the tested TE module.

Difference temperature [C) Current [rma] Loaded [miw]

-0.2 0 1

Figure4.1-17

In the manual mode with the help of these values it is possible to estimate 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, dTmax with no corrections ap-
plied and Qmax’, dTmax’ corrected by the passive heat load — Figure 4.1-18.

M [ [rnids] dT [C] | O [mWw/] | O [miw] |Gl [roved]| Qwd [rvw']
i 2 1800 ¥8.96 500 511.410  B.OFY 4.933
| 3 1800 EY.46 1001 | 1009.307 51592 4214
i 4 1800 5E.59 1500 1507931  4.356 3535

] 1800 45.89 2000 | 2006833 2532 2867

Ifm&] | Gmax(mw] | dT[C] | Omax [mw] [ dT7[C)
| 1800 4058.80 83.98 4058.80 30.26
Figure4.1-18

The red-coloured line corresponds to the point indicated by the mouse cursor.
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Control Panel

This field allows control of the testing procedure — see Figure 4.1-19.

Farameters of measurement

Current through tested TE cooler [rd] I 1] ﬁ W Apply
Heat power [rba] I 0 ﬁ v Apply

Automatical mesurnng rmode:
Heat Power List [t

| of of oy o o
Stabilization times [zec] I 1]
| Start | | Stop |
| G et paint
Figure4.1-19

Before starting the test it is necessary to set the temperature of the stabilizing base
and wait during the time tsip to achieve the stabilization (Figure 4.1-20).

Current hot side temperature: 270

Set hot side temperaturel 270 EI: v

Figure 4.1-20

The test can be done either manually or automatically.

Testing Manually

Set the electric current and heat load values and click "apply" — Figure 4.1-21.

Current through tested TE coaler [mé)] | 12800 il W Apply
Heat power [rvs] | 2000 EI:

Figure4.1-21

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” — Figure 4.1-22.

Current through tested TE cooler [mia) | 1800 il W Apply

Figure4.1-22

Set the hot side stabilization time and 5 values of the heat to be pumped — see Fig-
ure 4.1-23.
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Heat Fower Lizt [miw]
| 0| 500 1000 | 1500 | 2000

Stabilization times [zec] 120

Figure4.1-23

To start the measuring cycle press the button "Start". The data will be taken auto-
matically within the settings given.

After the test is over a linear polynomial is built by all the measured points. The val-
ues the calculated values Qmax, dTmax with no corrections applied and Qmax’, dTmax’
corrected by the passive heat load are displayed.
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4.2. Expert Mode

The Expert Mode objective is to measure the widened range of TE module parame-
ters 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:

Four-sensor temperature data (Ty, T, T3, T4);

Double-channel heat loads (Q1, Q2);

Tested TE module electric current;

Tested TE module voltage;

Thermostabilizing TE module voltage;

The electrical resistance of thermistor (if there is one on the tested TE module)
The testing conditions are as follows:

1) A base with a heater and a thermal resistor is mounted onto the TE module
cold side (see Section 2.3.2); ; the heater power equals the necessary value;

2) The TE module hot side is mounted onto the sample holder mounting surface
(see Section 2.3.2);

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 T, Of the
thermostabilizing surface is fixed within the range available (see Table 2.1);

5) The facilities cover is closed;

6) The vacuum chamber is pumped out to residual pressure not exceeding 1-107
mm Hg.

The testing procedure is as follows.

1) Set the required temperature of the thermostabilizing surface Tpo;
2) Set the required heat load Q, (the heater power);

3) Set the required electric current Io;

4)  Wait until the thermostabilizing is steady, observing the stabilizing temperature
data;

5) Measure the temperature difference DT of the TE module at the given values
Qo and lo;

IMPORTANT. In order to calculate corrections to DT in the expert mode it is heces-
sary to measure Q(DT) in the vicinity of the operating point (that is, to measure Q(DT) at a
given current | in the standard mode).

For the expert testing of a TE module it is necessary to choose "Main Menu"-
"Tests"- Expert Mode". The window can be viewed in Figure 4.2-1.
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# ) Tra T2 dT [T LI TAPC] | G1[mw] | Q2[mw] | Iq1[ms] | gl [ma] | [m&] U [mi¥] | Fither [Ohm] :
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| | | \ | | | | | | | 5
£
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Toold, C

bbbt
50 100 150 200 260 200 260 400 450 500
Pairitz

Hot zide temperature [*C]
Caold side temperature ["C]

Difference temperature [*'C]

Current hot side temperature [*C): -

Set hat zide temperature [“Ei m 5‘ v |

Device Mode Control Panet
[~ Thermostabilization Base temperature [*C] I 0o
[~ HeatLoad1

TE Cooler curent [mé] I 1] Set
I~ HeatLoad 2
[ Thermistor Heat Load 1 [miw] I 1} Set
I e Heatload2fmw] | O Sel

[~ Temperature channel 2

Apply Giet point

[zrd [TEEEmEE! B [H2 [TERMI M2t [T2EHL [DEE W@ CuRE

Figure4.2-2
The window contains two functional fields:

table of measured points;
control panel.

Table of Measured Points

The table contains current values of parameters of a tested TE module (grey line)
and those taken for the test results (white lines) — see Figure 4.2-3.

# TI[C] | T20C] | dT[C] | T3[C] | TAPC] | O [mw] | G2fmw] | lol[mA] | gt [ma] | ([mA] | Ulmv] | Rther [Dhm]
238 | % | 32 0 0 2001 0 0 0 100 425 0
2874 2915 041 0 0 2003 0 0 0 1m0 16 0

Pucynok 4.2-4
Control Panel

In this field you may change the device mode and set the parameters at which the
TE module is to be tested — Figure 4.2-5.
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Device Mode Control Panel
v Themostabilization Base temperature [C] I 30.0 Set

[+ HeatLoad 1

TE Cooler curent [md] I 100

For example, in the figure given (Figure 4.2-6), 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".

[ Heatload 2
[T Thermistor Heat Load 1 [ravw] 200 Set
] et i Heatload2[mw] | O Set
[T Temperature channel 2
I
Figure 4.2-6
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4.3. Z-R-t-Metering

In these testing modes the following TE module parameters are measured: electrical
resistance AC R; Figure-of-Merit Z; time constant t. See Mathematical Annex VIII. Meas-
urement of TE Module Figure-of-Merit.

Similar to the series of Z-R-t meters developed by RMT for complex express testing
the facilities DX8020 enable testing the following parameters of TE modules:

AC resistance (AC R);
Figure-of-Merit (2);
Time constant (t)

The TE module Figure-of-merit Z is measured by the Harman method. Here all the
limitations common for the Z-R-t meters are to be followed (see Mathematical Annex VIII.
Measurement of TE Module Figure-of-Merit). The methods of the DX8020-100 are meant
for measuring Z of single-stage TE modules.

IMPORTANT: The testing of the value Z for two-stage TE modules are rather esti-
mative. 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 resis-
tance AC R and the time constant t

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

4.3.1. TE Module Free in the Ambient

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

The aim of this option is:

to offer express assessments of TE module quality and necessity of its direct
measurements by testing the values Z, R, t of a TE module at room temperature ~ 300 K;

ensure a correlation between measurements of Z, R, t in vacuum and air, and
evaluate the accuracy of mathematical estimation of air impact on the results of meas-
urements.

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 DX8020-100 cover is closed.

5) For testing in vacuum the chamber is pumped out to residual pressure not ex-
ceeding 1-10 mm Hg.

The testing procedure is as follows.
1) Measure the ambient temperature T..

2) Measure the TE module AC R (hereinafter this value comprises both the TE
module and its wires electric resistance AC R: R=Rrec+Ruyjres)-

3)  Setthe overall measuring time MT.

4) Set the TE module electric current kes=0.01ln. (sSee the TE module Standard
Specifications); press the button “measure". The automatic testing procedure is started.

5) The automatic testing procedure is as follows:
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5.1) The temporal dependences of the TE module total voltage U(t). and the See-
beck voltage U,(t). are measured within the time range [0.. MT] sequentially at the current
*lest; the telemetry U, (1) is displayed;

5.2) The curves U,4(t). are interpolated by the exponents:
U, (1), =Ust,, (1- e '*); (4.3.1.1)
As a result of this interpolation the corresponding time constants t. and the steady-
state voltage values U,«(t). are obtained for both polarities.

IMPORTANT: To proceed with the Z-R-t-meter measurements be sure that the pe-
riod tes: 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:t,, =0.5(t, +t_)

5.4) For each polarity the ohmic voltage is found via averaging over the last 10
measured points:

1
U+:7 c'Uti+'U t).);
R 10is(.31(0)( ): - Ua(t).) (4.3.1.2)

5.5) W.ith no account of the corrections the values Z, are calculated as:

1 Usta, .
Zt :TiaT_1 (4.3.1.3)
+
Then the average Z is calculated as:
1
Zoy :§(Z+ +Z_); (4.3.1.4)

5.6) With the help of calculated corrections it is possible to allow for the inequality
between the ambient temperature and the average temperature of the module (by), heat
flow between the pellets (by) and thermal losses on the wires (b,).

IMPORTANT: The corrections are only applied to the value Z,,:

Zav
Z%.V = (1+ bT)(1+bth) (1+br) (4315)

Therefore the whole correction can be written as:

(1+bth) (1+br)
1+by
All the expressions for the corrections are given in Mathematical Annex VIII. Meas-

urement of TE Module Figure-of-Merit. It is only the corrections values that the choice of
the environment (air/vacuum) tells upon.

corr = (4.3.1.6)

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 vac-
uum". The measurement window is illustrated in Figure 4.3-1.
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0 DX8020 Dperation programm

Time Step [msec]

I 40 E‘

_[&] x|
File Tests ZMeter History
- Meter : TE Module Free in the Air [x]
i Tamh ['C] ACK [Ohm] Tref ['C] ACR [Ohm]
—Z [1/1000K] Z'[1/1000K] Carrections [%} time const [sec]
Contral Panel
e Fieference temperature Tref ['C] lw
e ==
Current [md] I 20 E‘
T e S B T T S S S S B e S
Measuring Time [sec] I 120 E‘
e e S S B e T T S S S B e

Measure

Time [gec]

[zt [TECETEAE: [H! [H2 [TERM [wAC [T2CHL [DEG [ CORR

Figure4.3-2

The window consists of three fields:

results field;
temporal behaviour of the Seebeck voltage;
control panel.

Results Field

This field is shown in

Figure 4.3-3.
Tamb [*C] ACR [Ohm] Tref ['C] ACR" [Ohm]
24.4 2.65 27.0 2.69
Z [1/1000K] Z [1/1000K] Carrections [%] time const [secl
2.521 2.636 4.472 3.6

Figure4.3-3

The following results are displayed:
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Tamb — ambient temperature;

ACR - TE module electrical resistance (alternating current);

ACR’ — ACR referred to Tref;
Z — TE module Figure-of-Merit;

Z" — TE module Figure-of-Merit with corrections applied;

Corrections — correction coefficient to Z;
Time Const — TE module time constant.

Temporal behaviour of the Seebeck voltage

This curve (see Figure 4.3-4) displays the dynamics of the Seebeck voltage at the
test current of two polarities. Each experimental curve is accompanied by the interpolation

one.

Zeibek vaoltage [my]

0

Time [zec]

000296 6.209.45 13,20 1764 22.00 26,36 3072 3504 3940 43,76 4512 5245 56.84

Figure4.3-4
Control Panel

The control panel allows setting the measurement parameters — see (Figure 4.3-5).

Contral Panel
Fieference temperature To [*C] 270 3:
Current [mé) 23 3:
tMeasunng Time [zec] 60 =
Time Step [meec] 40 =
Meazure
Figure4.3-5

The following parameters are to be set:

Reference temperature (Tref) — temperature ACR is referred to;
Current — TE module electric current (0.01Imax is recommended);
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Measuring Time;
Time Step (recommended to increase for longer testing).
4.3.2. TE Module with the Hot Side Temperature Stabilized

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

In this mode one side of a TE module is stabilized at a temperature Ty The meas-
urements 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 thermostabi-
lized surface (see How to Install TE Module to Be Tested Section 2.3.2).

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

3)  The thermostabilizing TE module is on. The thermostabizing surface tempera-
ture Ty is fixed within the range available (see Table 2.2);

4)  The DX8020-100 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 Tyq; wait until the thermo-
stabilizing is steady.

2)  The measurements 2) — 5) of Section 4.3.1. Eq. (4.3.1.3) is modified as:

_ 1 Usta, .
Ze= o ot (4.3.2.1)

+

The value Z is measured and corrected (see Mathematical Annex VIIl. Measurement
of TE Module Figure-of-Merit) for a TE module with T,,=const. The corrections only in-
clude the leading wires correction (see Mathematical Annex IV. Passive Heat Flux along
the Leading Wires) and radiation (see Mathematical Annex II. Estimation of Radiation
Heat Exchange Coefficient, Mathematical Annex Ill. Additional Thermal Conductance be-
tween Pellets).

Choose the command "Main Menu"-"Tests"-"Z-meter"-"TE module with the Hot
Side Temperature Stabilized". The measurement window is shown in Figure 4.3-6.
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the base is stabilized (the red indicator at the bottom turns to green).

as in the modes "Z-R-t-Meter for TE Module Free (air/vacuum)".

Figure 4.3-6

Before testing it is necessary to set the TE module base temperature and wait until

The testing procedure, parameters, functional fields and results form are the same
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4.4. TE Properties Testing

This testing mode enables experimental estimate of TE matrials properties of the
tested TE module: the Seebeck coefficient a and electrical conductivity s at temperature
available.

The objective of the given option is to estimate the properties of TE materials of the
TE module pellets at the given temperature Ty, Or in a temperature range available using
the measurements of the parameters Z and R, as well as the stationary Seebeck voltage
value U, and the corresponding value of the temperature difference DT.

The TE properties to be obtained are:
Electrical conductivity;
Seebeck coefficient
The estimates obtained are the average values for the n- and p- type materials.

IMPORTANT: It is only one-stage TE modules with known geometrical 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 Tyt
2) The TE module leading wires are soldered onto the connecting plates.

3)  The thermostabilizing TE module is on. The thermostabizing surface tempera-
ture Tyo is fixed within the range available (see Table 2.2);

4)  The chamber cover is closed,;
5) The chamber is pumped out to residual pressure not exceeding 1-10% mm Hg.
The testing procedure is as follows.

1) Set the temperature of the thermostabilizing surface Tyq; wait until the thermo-
stabilizing is steady.

2) Repeat the Z-R-t-metering of the TE module with the hot side temperature Tpot
stabilized; the values of AC R and Z of the TE module are found (with / with no corrections
applied.

3) By the measured AC R at the given temperature Ty the electrical conductivity
s [1/0Ohm-m] of the TE material is estimated as:

(R- 2r- NRpe)
a. R = ——°
pellet N
s (4.4.1)

b. r= RpeIIet T '

1
C. s=—,

r

Here N is the TE module pellets number. The electrical resistance R, is calculated as:

d+2/3w
Rme =T cu Wl (4.4.2)
me

where d is the distance between pellets of the TE module, w is their width, |e is the metal
junctions thickness.
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4) By the known polynomial temperature dependence k=1/2(k,+kp) the Seebeck
coefficient is calculated by:

a=_|—; (4.4.3)

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

Among the three parameters a, s, k the parameter k is the least sensitive to charge
carriers properties, that is why a standard k(T) can serve for estimating the coefficient a.
In Figure 4.4-1 the dependence k(T) averaged for n- and p-type room temperature opti-

mized TE materials is given. This curve is a default function the DX8020-100 software of-
fers.

1.60

™
155
N
E 1.50 \\
%— 145 \
~
140
"'i-..,____h
135

260 270 280 290 300 310 320 330 340 350 360

Figure4.4-1

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 Tt
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Choose the command "Main Menu"-"Tests"-"TE Materials

The measurement window is shown in (Figure 4.4-2).

Properties Testing".
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Hat side temperature [°C]

Cold side temperature ['C]

Difference temperature ['C]

Measure

Current hot side temperature ['C]: -

Set hot side temperature ['Ci mg‘ v

Figure4.4-2

The testing procedure, parameters, functional fields are similar to the mode "TE
Module with the Hot Side Temperature Stabilized".
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5.  Mathematical Annex I. Estimation of Convectional Heat Exchange Coeffi-
cient

Coefficient of Convection heat exchange per surface unit ag,, [W/(m?*-K)] is written
as

aconv :ENu , Nu=C(GrPr)" (5.1)
X
where Nu is the Nusselt number; Gr, Pr are the Grashof and Prandtl numbers, respec-
tively.

The Grashof number is described as:

_ gbDTx°

’
r.]2

Gr (5.2)

where g=9.8 m/c?, b=1/T [1/K] is linear expansion coefficient for the ambient gas at given
conditions (usually at normal ones), T [K] is the gas absolute temperature; DT is tempera-
ture difference considered, x [m] is characteristic linear size of the object (we recommend
it to be the bigger side of the surface involved in the heat exchange), n [m?/s] is kinematic
viscosity.

The Prandtl number and gas thermal diffusivity a can be calculated as:

Pr=—, (5.3)

a= —, (5.4)

where r [kg/m?] is gas density, ¢p [J/(kg-K)] is gas heat capacity at constant pressure.

If 1<Pr <1000 and 103<Gr xPr <10°, we deal with a laminar flow and then the coeffi-
cients in Eqg. (1) are the following C=0.75, n=0.25, i.e.:

acony = ;O.7S(GrPr)o'25 (5.5)

Table 5.1 offers dry air parameters at normal pressure and temperature 20 °C and
30 °C.

Table5.1
T,°C r, kg/m? Cp, J I( kg * K) K, W/(m « K) n-10%, m?/s
20 1.205 1000 0.0260 15.06
30 1.165 1000 0.0268 16.00

Consider an example of calculations. For DT=3K (approximately true in Z-metering).
In Table 5.2 the estimates for a.,,, are given for some TE modules in the air at 20 °C.

Table5.2
TE module type | x-10°,m | agom, W/m2K (20°C)
1MC04-004-xx 3.2 10.87
1MC06-018-xx 6.0 9.29
1MC04-070-xx 9.6 8.26
1MCO06-105-xx 15.0 7.38
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The full passive convectional flow onto the surface F; (the TE module substrate,
including lateral sides) is:

Qpas conv = aconvFDT (5.6)
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6. Mathematical Annex Il. Estimation of Radiation Heat Exchange Coeffi-
cient

We designate:
"1" - object (TE module):
Surface — F;, m? (TE module surface);
A; — emissivity;
T, — temperature.
"2" - hemisphere cover:
Surface — Fp, m?;
A, — emissivity;
T, — temperature.
General data:
The hemisphere cover surface, m?: F2=2pRcover-=0.062 M? (Reover=10 cm)
Emissivities:
A;=0.8 (common for ceramics)
A,=0.45 (common for stainless steel).

The method of estimating effective emissivity between bodies 1 and 2 can be ob-
tained as:

1

1, Rh®l 0 (6.1)

+7
AL FgAry 4

A =

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

In the Standard option the radiation heat exchange coefficient a,.q [W/m?K] can be
estimated as:

_ 2 2
rad = SsBALThot * Teold)(Thot + Teord) » (6.2)
where sgp is the Stefan-Boltzmann constant.

For testing a TE module in the Z-R-t-metering option, free heat exchange mode the
value a;yq equals the following:

. = 4SspALTS, (6.3)

For testing a TE module in the Z-R-t-metering option and the base side temperature
stabilized at Ty, the value a,,q is defined via Tpor:

_ 3
Arad = 4SspA1Tyg - (6.4)

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

Qpas conv = @raghDT (6.5)
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7. Mathematical Annex Ill. Additional Thermal Conductance between Pellets

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

k(=k(L+by,), (7.1)
where k is p-n type average thermal conductivity of TE material.

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

bih =Bair +Brad » (7.2)
where By, is the correction for thermal conductivity in the air; B,,q is that for radiation.

Introduce b as the pellets filling coefficient:

b:E’
S

where n is the pellets number, s is a pellet cross-section, S is the cold substrate surface.

(7.3)

The valueB, is calculated as:

By = ar & 10 (7.4)

A P
The correction for radiation can be written as:
I L.
Brad = Egﬁ SBE% - 13(Thot * Teoa)(T2not + T2cola) (7.5)
7}

where ssg is the Stefan-Boltzmann constant, g is emissivity of the inner side of the TE
module substrate; Ty is the hot side temperature, T4 iS the cold side temperature.
For small electric currents (for example while measuring Z) Thot = Teoia = Ta, and for-
mula (I11.5) can be rewritten as:
4] A 6
Brad = — — - liT3 7.6
e PsBE (7.6)

In Table 7.1 we give the calculated results for B,, and B,,q for typical TE modules
at T,=293 K for typical temperature of Z,R,t-metering: Tnot =293 K, Tcog =290 K (DT=3 K).

Table7.1
TE module type b Bair Brad
1MC04-004-05 0.25 0.055 0.005
1MC04-004-15 0.25 0.055 0.014
1MC06-018-05 0.36 0.032 0.003
1MC06-018-15 0.36 0.032 0.009
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8. Mathematical Annex IV. Passive Heat Flux along the Leading Wires

Consider a wire with no insulation, the cross- 1 _1 T
. . . . . hot a 1 Tcold
section is S, the length is L, the cross-section perimeter
is U. Let a stand for the heat exchange coefficient per

the wire surface unit. ! X

If x=0 marks the hot end of the wire, the cold end 0 L
has the coordinate x=L. The heat conduction equation for Figure 8-1
such a pellet exposed to the electric current of the den-
sity j has the following form in one-dimensional equation:

dZT(x)
dx?

k +j%r +A(Ta- T(x)) =0, (8.1)

where k is the wire material thermal conductivity, r is its electrical resistivity, T(x) is tem-

perature in the coordinate x. The value A is defined as:

U
A=a— 2
a (8 )

We take the following boundary conditions: the cold end temperature is T.qq, the hot
end temperature is T

T(X) x=0 Thot T(XX w=L Teold (8.3)
The heat flux arriving at the cold end equals

dT
Q=-kS L (8.4)
X=

Solving Eq. (8.1) we find the temperature distribution along the wire:

.2 I 2 o
T(x) =T, - %(epx - 1)+}Q(epx . 1)- prl, SNPX) (8.5)

iA bsh(pL)’
here p= |2, DT =
where p = R DT =T, - Teoua-

The passive heat flow onto the cold end is yielded (8.4) and (8.5):

éi2 }i2 ) U

— <L pL IJ r pL PCh(pL) “

Q = SvAKé&— —1\1l- DT ,
pas S gA e +.T|- A (1 e )+ gSh(pL)E (86)

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

Qrag = %SB(TaV + Ta)(TZaV + Tza) ’ (87)

where T,=1/2(ThotTeow), Sse IS the Stefan-Boltzmann constant, gis 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 DX8020-100 methods the corrections on the passive heat flow along the wires
are taken into account for the TE module cold side only (ho corrections for intermediate
substrates). There may be two different types of these wires:

1) Resistor wires (Pt);
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2) Heater wires.
Consider exemplary calculations for both the types.

1) The common parameters of thermoresistor wires: the material is copper, k=400
W/mK, r=1.667-10% Ohm-m. The wire diameter is 0.07 mm, the length is L=40 mm. The
electric current is 1 mA (approximately for the 100 Ohm thermoresistor). The ambient
temperature To=20°C. The hot end temperature T,,=T,. The cold end temperature Tcyq iS
-50 °C (approximate minimal temperature of a single-stage TE module cold substrate at
Imax and T,=20°C). The heat exchange for the wire surface is that of radiation. For copper
we take the value of emissivity g=0.02 (polished copper). Then the heat exchange coeffi-
cient a equals a =0.095 W/(m?K).

2 2

At the small current (here % <<DT, % ~0.173) 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 8-2 you are given the results of the exact calculation:

300

280

260 -+

T,K

240 +

220

200 T T T

0 10 20 30 40
X, mm
Figure8-2
l.e. Eq. (8.5) can be rewritten as:
sh(px)
T(X)=T, - DT>
(9=Ta- DT 2 o (8.8)

and the expression for the heat flow at the cold end of the wire:

S
Qpas = kEDT! (8.9)

The exact calculation resulted from Egs. (8.5), (8.6): Q=7.189 mW. The result of the
approximate calculation yields: Q=7.180 mW. We see the results are very close.

In the software DX8020-100 Eq. (8.9). is applied for thermoresistors. For N wires
Eq. (8.9). is written as:

Qpas = Nk% DT, (8.10)

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 material is copper,
k=400 W/mK, r =1.667-10® Ohm-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
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load 6.8 W). The ambient temperature T,=20°C. For an estimation of the passive heat
load in the standard Q(DT) measuring option we take T q=-20 °C.

The heat exchange for the wire surface is that of radiation. For copper we take the
value of emissivity g=0.02 (polished copper). Then the heat exchange coefficient equals
a=0.095 W/(m?K).

For this instance the temperature distribution along the wire is non-linear - Figure
8-3.

300

280 A

260 -+

T,K

240

220

200 T T T

0 10 20 30 40
X, mm
Figure 8-3

In the calculations the exact formulae (8.5-8.6) are necessary. As a result we have
Qpas=31 mMW. The approximate Eq. (8.9), taking into account thermal conductance only
would have been: Qpas=12 mW, which is too rough an underestimation.

In the software DX8020-100 for the heater correction Eq. (8.6) is applied. For N
wires Eqg. (8.6) is written as follows:

P - l‘J

(8.11)

éi2
— T pL
Q,.s =NS/Aké&—e" +
pas aA i A %sh(pL)g

e

For N=2 the heater wires with the parameters and at the conditions given provide
the summed passive heat load onto the cold substrate 62 mWw.
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9. Mathematical 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 polyno-

mial:
2 1 n .
Y(X) = Ag + ApX+AXT +.+ A XM HANXT = § A (9.1)
j=0
Introducing the following coefficients:
N N N N
apn =& X", a1 = A X", o, = A X%, =A%, 8 =N;
i=1 i=1 i=1 i=1
N N N N 9.2)
by =& yix", bp1= &YX, o b= Xy bo =4y
i=1 i=1 i=1 i=1
We solve the system of (n+1) equations and find the coefficient A;:
An XAon +An-1>‘aZn-1+---+A1>‘aZn-n +AO Xan-1- bn =0
AnXapn-1 tAp.1 X8z 2+t ApXagn 1 +AgXan. 2 - b1 =0
(9-3)
An ><an+1+An_1><an +...+A1>6.2 +AO >el' bl =0
Apxan A 1@ 1t tA X +Agxag - b =0
The mean square deviation is given by:
(9.4)
Let us consider an example of 2-power polynomial:
y(x) = Ax? +Bx + C, (9.5)
If the following designations are true:
N N N N
azéXi4, b=éxi3 y Czé.Xi2 dzéXi, f=N,
i=1 i=1 i=1 i=1 9.6
N2 N N ©0)
aa=3vyx ,ab=3yx,ac=4ay;
i=1 i=1 i=1
We solve the following set of equations and find A, B, C:
Axa+Bx+Cx-aa=0
AXp+Bxc+Cxd- ab=0 (9.7)
Ax+Bxd+CxN-ac =0
For the linear interpolation:
y(x) =Ax +B (9.8)
If we designate:
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N 5 N
a= é Xi b= é X
i=1 i=1 9.9
N N (9.9)
aa=ayX, ab=ay;
i=1 i=1
We solve the following set of equations and find the coefficients A, B:
Ara+B:b-aa=0
(9.10)

Axp+Bxc-ab=0
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10. Mathematical Annex VI. Measurement of Imax, DTmax

To obtain the values Ihax, DTmax We interpolate the part of the dependence I(DT) in
the vicinity of its maximum by a square-law polynomial (see Mathematical Annex V. n-
Power Polynomial Interpolation):

DT(l) = Al +BI+C (10.1)

The interpolation is taken at the electric current segment [lo, lim]. By default
10=0.5Inax is the starting measured point, l;in=1.2:-hax is that finishing (Inax is the value
taken from specifications or estimations).

Once the interpolation is over, the maximal I, DTmax are obtained as:

B
Imax = - oA DTmax = DT(Imax) (10.2)
Let us take an example. Suppose the following data are measured (see Figure
10.1). The interpolating limits are taken as ln=4.5 A, 1,=1.5 A. The interpolation polyno-
mial is given in Eq. (10.3) and is illustrated in Figure 10.1.

DT() = - 3.913DT2 +24.417DT +32.554 (10.3)
80
70 o o —
o It
N~
< 40 e
5 Y
20 / ——dT(l} tested
Interpolati
10 / MNLeErpolation
O £

0o 05 10 15 20 25 30 35 40 45

The mean square deviation on the interval [1.5A, 4.5A]: s=0.22 K.
The values are |hax=3.12A, DTa=70.642K.
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11. Mathematical Annex VII. Qnax Measurement and DT o Correction

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

Q(DT) = A>DT +B (11.1)
The value Qnax is defined as Q(0) =B:

Qmax =B (11.2)
The value DT, for the current | is obtained from Eq. (11.1) npn Q =0

DT, =- % (11.3)

Consider an example. Suppose the measured data are given in Figure 11.1. The
calculated for the TEC Qna=3.26 W, so we choose Q;m=1.6 W.

The measured and interpolated results without corrections are given in Figure 11.1.

36 I I I I

32 —o— Q(dT) tested
28 >

2.4 I~ Interpolation-te sted

2 [~
1.6 M~
1.2 e

08 ~

0.4
a

Q,w

0 10 20 30 40 50 g0 70 g0
dT, K

Figure1l.l
The mean square deviation in the range [35.9K, 68.7K]: s=0.025 W.
EqQ. (11.2) yields Qmax=2.929 W. With the help of Eq. (11.3) we obtain DT pa=71.35K.

If it is necessary to calculate corrections taking into account a passive heat flow Qpas
through the wires, for each point DT, the passive heat load is estimated (see Mathematical
Annex IV. Passive Heat Flux along the Leading Wires). By the points obtained we get a
new dependence Q'=Q+Q,.s Of DT. After interpolating the new dependence according to
the above algorithm, we find the corrected values Q'max, DT'max (S€€ the Standard Mode).
An example of the corrected curves for the case illustrated by Figure 11.1 is given in Fig-
ure 11.2.
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The corrected value DT axis 73.2 K.
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12. Mathematical Annex VIIl. Measurement of TE Module Figure-of-Merit

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

1o _ 8col
aITcoId - EI R- I((Thot - Tcold)_ C,\cl)d (Ta - cold)
(12.1)

1
aIThot +§|2R - I((Thot - Tcold): Ghot (Thot - Ta)

where | is the TE module current, R is the electrical resistance (R = L, where s is the pel-
SS

let material electrical conductivity, L is the pellet length, s is its cross-section), T.qq IS the
TE module cold side temperature, T, is the TE module hot side temperature, T, is the
ambient temperature, N is the pellets number, a.qq is the summed coefficient of the heat
exchange of the cold side, a; is the summed coefficient of the heat exchange of the hot

side. The value k¢ is the TE module pellet effective thermal conductance taking into ac-
count heat flows between the pellets (see Mathematical Appendix IlI).

Egs. (12.1) are solved without allowing for TE properties temperature dependence,
which can be accepted as the tested currents are very small (1~0.01lax).

We suppose that

Acold ¢ 2hot cc k¢ | << ke 12.2
N ¢ N ¢ 0 (12.2)

Accurate within the first order of smallness of the values (12.2), we find the following
expression Z=a’s/k:

(1+bg)(L+Dy)

1
— 12.3
Ta b,  (@+by) (12.3)

The ratio E‘Uﬁaﬂ in Eg. (12.3) must be averaged for two current directions to elimi-
EYR Ugy

nate the terms depending on the current linearly and to extract the corrections by, by, br.
The expressions for by, by, bt are as follows:
1. by, is the correction for additional thermal transfer between the pellets:
bth =Bcond +Brad » (12.4)
where the values B.,,q and B,,q are calculated as shown in Mathematical Appendix IlI.
2. by is the correction for electrical resistance of the leading wires:
2r

b, =

= 12.5
Rrec ( )

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

3 by is the correction allowing for non-equality of the average temperature T,, of
the module and Ty:
I°’RN

by =byg + b1 (1+byg) +b1p, brg = (o *+ang)Ta
COl ot a

(12.6)
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2 2 12
b, =._ Bcod@hot . (@D°N — Beold - 3ot 0 IR
L= T2 = g a

(@coid *+@not KN (Bcoig * @not K cold *anhot g 2KTa

The values a.q4, apet Can be estimated considering natural convection in the air (if

not in vacuum) and radiation: a_,qno = @cony T Arad)S colarnot » Where acony and a,,, are
convection and radiation heat exchange coefficients, respectively (see Mathematical Ap-
pendices |, II).

It is of vital concern that Eq. (12.3) remains true if the inequalities (12.2) are modified
the following way:

¢
aCTOId <<k¢ Acold << Anot» I <<k§ (12-7)

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-t-metering option can be used for testing a

TE module mounted on some header. Then =R is the header thermal resistance.

Ahot
In the extreme case An=>= we come to the expression for Z of a TE module, its hot
side stabilized at the temperature Tyt
1 a0 (L+by)(A+by)
= e
Thot &UR (i 1. 2cod I°R (12.8)
kN 2kTqt

The measured Z of a single-stage TE module allows estimating the module DT, at

the given T, (Thoy):
1+ ZZTa(hOt) -1 (129)

Z

DTmax (Taghot)) = Tahot) -
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REFERENCE 1. Materials Useful Properties

In Table R1 some metals properties that may be used for reference are given.

Table R1
Material Densit%/, Thermal conductivity, | Specific heat, EIGCTOC'?I rgshistivity,
kg/m W/mK J/kgK mohm

Aluminum 2700 237 900 2.8
Copper 8960 400 385 1.7
Gold 19320 317 128 2.3
Iron 7210 83 460 8.71
Lead 11210 35 130 19.3
Molybdenum 10220 138 249 5.6
Nickel 8910 90 448 6.1
Platinum 21450 72 133 10.9
Silver 10500 429 235 1.7
Stainless steel | 8010 145 460 8.4
Tin 7310 64 226 10.1
Wolfram 19350 174 132 5.6
Zinc 7150 112 381 5.5
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REFERENCE 2. Terms and Definitions

In Table R2 useful terms and definitions are given.

Table R2
Term Definition if necessary Symbol Units
Ambient temperature Ta K
: Temperature of a TE module external cold
Cold side temperature substrate surface Teold K
. Temperature of a TE module (TE module
Hot side temperature system) hot (heat rejecting) surface Thor K
. The difference of the values Tpo and Teqq fOr
Temperature difference a TE module (TE module system) DT K
: . A heat amount possible to be pumped from
Cooling capacity a TE module cold side per a time unit. Q W
A heat amount supposed to be pumped by
Heat load a TE module per a time unit. It should equal Q W
the value Q.
Active heat load A heat load to be pumped directly from the o3 W
object to be cooled
A heat load that arises from the heat inter-
Passive heat load change with the ambient, thermal radiation Qpas w
and conduction accompanying processes
TE module electric | A
current
TE module electric U v
voltage
TE mogg\:\?eizlectrlc Electric power consumed by a TE module P W
A heat amount to be transferred from the
Heat to be rejected hot side of a TE module (TE module sys- Qhrot W
tem)
TE modultezaﬁfectrlc reSIS™ | AC resistance at a specified temperature T, R Ohm
Maximum temperature Maximal achievable TE module (TE module
differencpe system) temperature difference at the zero DT max K
TE module heat load Q=0.
Max'm“":eer'fc”'c U™ | current at which DT is achieved. Imax A
Maximal possible TE module cooling capac-
Maximum cooling capac- | ity at the zero TE module (TE module sys- 0 W
ity tem) temperature difference DT=0 and mex
I=lmax-
Maximum voltage TE module voltage at DT=DT s and 1=lpax. Unax \
TE modultezaﬁfectrlc reSIS™ | AC resistance of a TE module R Ohm
The combination of TE material parameters:
the Seebeck coefficient a, electrical conduc-
Figure-of-Merit tivity s and thermal conductivity k as Z 1K
Z=a’s/k. Characterizes the material effi-
ciency at the temperature given.
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Term Definition if necessary Symbol Units
The time necessary for the raise of the TE
. module temperature difference from 0 up to
TE module time constant 0.63 of steagy-state value at the given C?JI’- t sec
rent switch on
TE module height H mm
TE module cold surface AXB, Scoq mm?
TE module hot surface CxD, Shot mm?
A design interface between the TE module
Header hot side and heat sink providing a housing
for the module and pin-out.
Header thermal resis- The value characterizing temperature gradi-
ent on a header and equals this gradient Ry KW

tance

divided by Qpot.
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