
� TE module is mounted on a header of a known thermal resistance.
This option is basic for the calculation of a sub-mount specification.
Selecting a header (package) for a certain TE module is possible by
a program search through the RMT headers database. The value of
the selected header thermal resistance is calculated automatically.
The heat rejecting surface of the header has the temperature
Thot=Та. 
� There is neither a header, nor a heat sink. The case is identical to

that of a TE module with the hot side at the temperature Thot=Та . 
� A sub-mount TE module + header is mounted onto a heat sink (radi-

ator). The values of thermal resistance of a header and a heat sink
are known. The heat rejecting surface of the heat sink has the tem-
perature Thot=Та.

Package header and a heat sink thermal resistance Rt may be set man-
ually. The header Rt of a database package is calculated automatically. 

Sub-Mount Standard Plots
These plots are aimed to determine specifications

and make initial estimates for a TE module mounted on
a header (in a package). Both a TE module and a head-
er are chosen from corresponding databases. A header
(package) material can also be chosen.

Attention: in TECcad Pro the Sub-Mount Standard
Plots are interchanged with the TE modules ones.

For calculations the conditions of heat transfer from
the TE module hot side can be defined in several ways
(one major, two additional):

Standard Plots consist of 
� ∆∆T(I). The temperature difference ∆T  of the TE

sub-mount vs electric current I at the zero cool-
ing capacity Q=0. The plot assists in finding Imax
и ∆Tmax of the given TE sub-mount.
� ∆∆T(Q). The temperature difference ∆T of the TE

sub-mount vs the cooling capacity Q at the elec-
tric current I=(1, 0.8, 0.6, 0.4) Imax .The depend-
ence helps to estimate the current I necessary to
provide the needed ∆T of the TE sub-mount and
its cooling capacity Q.
� U(∆∆T). The TE sub-mount voltage U vs the tem-

perature difference ∆T at the electric
current I=(1, 0.8, 0.6, 0.4) Imax. The plot
helps to estimate the voltage of a TE
sub-mount at the needed I and  ∆T. 
� Qhot(∆∆T). The heat Qhot to be rejected

from the TE sub-mount hot side vs its
temperature difference ∆T at the elec-
tric current I=(1, 0.8, 0.6, 0.4) Imax. The
plot provides estimating the heat to be
sunk from sub-mount at the needed I
and ∆T. 

Similarly to the TE module Standard Plots,
for the plots ∆T(Q), U(∆T) Qhot(∆T) it is possi-
ble to calculate an additional curve at any cur-
rent up to the maximum value Imax.

The header hot surface temperature Thot
can be chosen within the range 150...380 K. 

Calculations can be done for vacuum and gases:
dry air, argon and xenon. The environment and radia-
tion are taken into consideration the same way as for
standard plots.

By default the plots are calculated for vacuum at
Thot=300 K. These are TE sub-mount standard specifi-
cation performance plots.

TECcad Pro can also take into account heat
exchangers on both TE module sides and extended
operational conditions (see Loaded Plots). 
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Loaded Plots
It is necessary to define a TE module

operational parameters for a full heat to be
pumped Q within a full entourage of the
TEC system. For this purpose the TECcad
software offers the subprogram Loaded
Plots. 

The task of it is to plot the curves
describing  the TE module  under the total
heat load (estimating the passive heat
loads) in the temperature difference range
and operational conditions available.

The full heat load on a TE module com-
prises the active heat load Qa, which is to
be pumped from the cooled
object directly, and the passive
heat load Qpas that arises from
accompanying processes of the
heat interchange with the ambi-
ent by convection, thermal radia-
tion and conduction. So, the TE
module cooling capacity should
be:

This subprogram enables one
to set all the necessary condi-
tions to estimate  Qpas(∆T) for a TE module with an
object mounted on its cold surface.

For a multistage TE module it is possible to set addi-
tional heat loads per stage.  

The plots comprise:
� ∆∆T(I). The TE module temperature difference ∆T

vs the electric current I at the needed full heat
load (TE module cooling capacity) Q. The plot
helps to define either  the value ∆T at the TE
module operational Q and I or the current I to
provide the required ∆T and Q..
� U(I). The TE module volt-ampere characteristic

at the full heat load Q
� P(I). The TE module power consumption versus

electric current  
� ∆∆T(P). The TE module temperature difference

∆T vs its power consumption (in TECcad Pro
this plot is replaced by Qhot(I) - TE module heat
rejection versus electric current).

The hot surface temperature Thot can be chosen
within the range 150...380 K. 

By default the plots are calculated for vacuum.
Calculations can also be done for gases: dry air, argon
and xenon. The environment and radiation are taken
into consideration the same way as for standard plots. 

The value Qpas(∆T) is referred to each electrical cur-

rent considered. 
Package header and a heat sink ther-

mal resistance Rt may be set manually.
The header Rt of a database package is
calculated automatically. In TECcad Pro
the cold side heat exchanger thermal

resistance can also be set.
In TECcad Pro convection and radiation heat flows

are estimated taking  into account geometry and emis-
sivity of the object mounted on the TEC cold side.

TECcad Pro allows detailed describing thermal con-
ductance channels of different complexity (The Simple
channel connects two temperature points, the
Compound one connects three temperature points). 

Heat load and temperature distribution simulation
results are outputted in the numerical and graphical
forms.



The Task
To select a TE module providing an optimal fit for

the following requirements:
1) A TE module is intended for cooling and thermal

stabilization of a detector. The active heat load is
3 mW. The photodetector temperature shall be
no more than minus 30 °С.

2) The planar dimensions of the detector are 3 mm
х 4.9 mm2. They can slightly exceed those of the
TE module cold side.

3) The TE module shall be mounted on the header
ТО8 (6 pins) made of kovar.

4) The ambient is dry air.
5) The ambient temperature is  70 °С.
6) The detector is connected with the header pins

by 4 wires: 2 golden and 2 platinum. The diame-
ter is 0.05 mm, the length is 5 mm.

7) Passive heat loads estimations at ∆T=100 K
yield Qpas=115 mW. Therefore, the full heat load
equals approximately Q=Qa+Qpas =118 mW.

Solution
1. For a preliminary search we take the heat load

round-off value 120 mW .
2. The necessary temperature difference is 100 K.

The cooled surface is 3 mm х 4.9 mm. The header ТО8
(6 pins) surface open for mounting is 8 mm х 8 mm, so
the TE module hot side surface cannot exceed this
value.

3. Items 1 и 2 taken into account, the subprogram
TEC Search restricts the TE modules database list to
the following ones:

2МС06-021-(08 @15)
3МС04-044-(05 @15)
3МС06-024-(05 @15)

3МС06-044-(05 @15)
4. Ignoring a temperature gradient along the head-

er thickness, i.e. to a first approximation supposing that
the TE modules hot side temperature equals Thot=70 °С
= 343 K, we analyze their parameters by the subpro-
gram Optimal Plots for the requirements Q=0.12 W,
∆T=100 K. We conclude that the most optimal TE mod-
ules with minimal power P consumption are the follow-
ing: 

3МС06-024-05 (∆∆T=100 °C, Q=0.116 W, P=1.28 W)
3МС06-044-10 (∆∆T=100 °C, Q=0.116 W, P=1.13 W)
We choose the TE module  3МС06-044-10. 
5. The Standard specification on the module

3МС06-044-10 (at 300К, in vacuum) are:
∆∆Tmax = 114.7  °C
Imax = 1.18  A 
Qmax = 0.59  W 
Umax = 3.47  V
R=2.54 Ohm
If necessary, the Standard Plots are also available

here.
6. The TE module is mounted on the header TO8 (6

pins). The sub-mount fits the nomenclature as
ТО806.3МС0604410. 

To obtain the header thermal resistance in this
assembly and the sub-mount specification we come
over to the subprogram Sub-mount Standard Plots. The
header hot side is Thot=300 К, the ambient is vacuum.
Therefore we have the following figures: 

∆∆Tmax = 113.3 °C
Imax = 1.16 A 
Qmax = 0.58 W 
Umax = 3.50 V 
The header thermal resistance is equal to:
Rt = 1.05 K/W
7. For calculating the TE sub-mount parameters in

the operational mode we apply the subprogram model-
ing.

We select the option "Header" and set the header
thermal resistance Rt=1.07 K/W. The sub-mount hot
side temperature should be shifted to 70 °С=343 K.
First the Loaded Plots are calculated at Q=0. 

The leading wires connecting the object to be
cooled with the package are two Simple channels. The
necessary thermal and geometrical data on them
should be entered.

In the window “Object” the geometry and emissivity
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Example of TECcad in Work

Heat Load Value, W
Active, Qa 0.003

Along wires, Qw 0.030
Convection, Qconv 0.076

Radiation, Qrad 0.018
Summed Passive,

Qpas= Qw+ Qconv+ Qrad 0.115

Total, Q= Qa+ Qpas 0.118

Heat load distribution at ∆T=100 K
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Operational parameters of the sub-mount
ТО806.3МС0604410 at ∆T=100°

The Loaded Plots ∆T(I) and U(I) for the sub-mount
ТО806.3МС0604410 at the active heat load  Qa=0.003 W
and allowing for passive heat loads, in dry air at Thot=343 K 

Sub-mount ТО806.3МС0604410
Parameters Values

Rt, K/W 1.05
Tcold, °С 30
∆T, °С 100

I, A 0.82
U, V 3.15
P, W 2.58

Qhot, W 2.7

ATTENTION: The TECcad Light is avail-
able at the RMT site www.rmtltd.ru or on a

free CD by request.
The TECcad Pro can be ordered at RMT.

of the object are to be inputted.
We also set the active heat load 0.003 W.
The above data implied, the modeling loaded plots

are built.
The modeling simulation yields the following results

for the passive heat load Qpas at the required temper-
ature difference ∆T=100 °С.

The software TECcad is subject to change without notice.
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