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Abstract. TEC1-12705 and TEC1-12706 two types of semiconductor refrigeration chips were
designed with different hot-end heat dissipation conditions. At the same time, a test device for heat
dissipation of heat pipes for heat sinks with separate current input and two-stage refrigeration was
designed, and the influence of hot-end heat dissipation conditions on cold-end temperature was
analyzed. The test results show that the cold terminal temperature of the semiconductor
refrigeration sheet is related to the heat dissipation capacity of the hot terminal. Under the condition
of limited heat dissipation capacity, the cold terminal temperature decreases first and then increases
with the increase of the input current; and under the condition of ensuring the heat dissipation
capacity, the cold terminal temperature decreases with the increase of the input current and
decreases with the decrease of the hot terminal temperature. The two-piece TEC1-12706
semiconductor refrigeration sheet adopts two-stage refrigeration with separate current input, and the
minimum temperature of the cold terminal can reach —36,8°C. The test results show that improving
the heat dissipation conditions of the hot end can improve the performance of a single
semiconductor refrigeration sheet. At the same time, under the best heat dissipation conditions, the
use of separate current input two-stage refrigeration can greatly reduce the temperature of the cold
end, which is of great significance to improve the working temperature difference of the
semiconductor refrigeration sheet.

Annomayus. JlBa TUNAa TNOIXYIPOBOIHUKOBBIX XOJMOMWIBHBIX MuKpocxem TECI1-12705 u
TEC1-12706 6butn pa3zpaboTaHbl ¢ pa3IMYHBIMU YCJIOBUSIMUA OTBOJIA TEIUIA B TOPSYEM COCTOSIHHH.
B 10 xe BpeMs ObUIO pa3pabOTaHO HCHBITATEIBLHOE YCTPOMCTBO JUIsl OTBOJA TEIUIa TEIJIOBBIMU
TpyOKaMu JUIsl paJuaropoB C pa3feibHBIM BBOJOM TOKAa M JABYXCTYIEHYATHIM OXJIAXJECHUEM, a
TaKK€ MPOAHAIM3UPOBAHO BIMSHHUE YCJIOBHH OTBOJA TEIUIAa TOPSIYMM KOHIIOM Ha TEMIEPATYPY
XOJIOIHOTO KOHIa. Pe3ynbTaTbl MCHBITAHUN MOKAa3bIBAIOT, YTO TEMIIEparypa XOJOJHOI0 KOHTAaKTa
MOJTYTIPOBOAHUKOBOTO XOJOAMJIBHOTO JIUCTa CBsi3aHa C TEIUIOOTAaded ropsdyero koHTakra. [lpu
YCJIOBUU OTPaHMYEHHOH CIHOCOOHOCTH paccerBaTh TEIUIO TEMIleparypa XOJIOJHOTO TepMHUHAala
CHayaJla CHW)KAeTCs, a 3aTeM YBEJIMUYMBAECTCS C YBEJIMUYEHHUEM BXOJHOTO TOKA; W IPHU YCIOBUHU
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obecrieueHust CIIOCOOHOCTH PacCEeUBaTh TEILJIO TEMIIEpATypa XOJIOIHOTO TEPMUHAIA YMEHBIIIAETCS C
YBEITUYCHUEM BXOJHOTO TOKA M YMEHBIIIACTCS ¢ YMEHBIIEHUEM TeMIIEPaTypPhl TOPSYETO TEPMHUHAIA,
JIByXKOMIIOHEHTHBIM ~ HOJIYNpPOBOAHUKOBBIA  XonmomwibHblii sguct  TECI1-12706  ucnonbs3yer
JIBYXCTYIIEHYATOE OXJIAKJEHHE C pa3feiibHbIM BBOJOM TOKa, a MHUHUMAaJbHasg TeMIeparypa
XOJIOMHOM KJIEeMMbl MOXkeT pgocturartb —36,8°C. Pe3ynbrarbl HMCHBITAHWNA TMOKAa3bIBAKOT, 4YTO
VAYYIIEHWE YCJIOBHM OTBOJA TEIUIA TOPSYUM KOHIIOM MOMKET IOBBICHTH IPOU3BOAUTEIBHOCTD
OJTHOTO TOJYIPOBOJHUKOBOTO XOJOIUIBHOTO JUCTA. B TO ke Bpemsi, MpU HAWIYUIINX YCIOBUSIX
OTBOJZA TEIJIa, UCIIOIb30BAHUE JBYXCTYNEHYATOTO OXJIAXKICHUS C pa3fe/ibHbIM BBOJOM TOKA MOXKET
3HAYUTEIBHO CHHM3UTh TEMIIEpaTypy XOJOJHOTO KOHIIA, YTO HMMEET OOJIbIIOe 3HAYCHUE IS
VAYYIICHUS Pa3HUITBI paO0YHX TEMIIepaTyp MOJyPOBOIHUKOBOTO XOJIOAUIBHOTO JIUCTA.

Keywords: semiconductor refrigeration, thermoelectric cooler, heat dissipation, two-stage
refrigeration.

Knroueswie cnosa: IMOJIYIIPOBOJAHUKOBOC OXJIAXKICHHUC, TepMOSJIeKTpI/I‘-IeCKI/II;'I oXJ1IagUuTCIIb,
OTBO/J TCILJIA, ABYXCTYIICHYATOC OXJIAXKJACHHUC.

Semiconductor refrigeration, also known as thermoelectric cooler (TEC), is a discipline
developed from the 1950s on the edge of refrigeration technology and semiconductor technology. It
uses P-N junctions composed of special semiconductor materials to form thermocouple pairs and
produce the Peltier effect. That is, a new type of refrigeration method through direct current
refrigeration, together with compression refrigeration and absorption refrigeration, it is called the
world's three major refrigeration methods [1]. Semiconductor refrigeration has: no refrigerant, no
moving parts, and good environmental protection, when cooling at low power, the cooling
coefficient is high; the cooling speed is fast, the reaction is agile, and large temperature differences
and precise temperature control can be quickly achieved; it can be made into various shapes, easy to
miniaturize, and meet various needs [2-3]. Obviously, semiconductor refrigeration has opened up a
new field of refrigeration technology and expanded the scope of application of refrigeration
technology. In some special occasions, it has a role that cannot be replaced by other refrigeration
methods [4]. However, at the current material level, the maximum energy of semiconductor single-
stage refrigeration can reach a temperature difference of about 70K [5-6].

Semiconductor single-stage refrigeration not only cannot achieve a larger temperature
difference, but also when working under a larger temperature difference, its refrigeration coefficient
drops rapidly, and the refrigeration conditions deteriorate rapidly. Strengthening the heat dissipation
of the hot end is currently one of the main means to improve the refrigeration performance of
semiconductor [7-9].Relevant scholars have done relevant theoretical research on the heat
dissipation of the hot end of semiconductor refrigeration [10], and at the same time have done
experimental research on liquid cooling and heat dissipation [11], heat pipe heat dissipation [12],
evaporative cooling and heat dissipation [13], and optimized design of heat dissipation at the hot
end [14]. The researchers conducted experimental research on the improvement of heat dissipation
at the hot end. The test results can improve the cooling performance of the semiconductor
refrigeration sheet and obtain a lower cold end temperature, but the minimum temperature at the
cold end is relatively limited, and it is difficult to meet the requirements of large temperature
difference conditions. In this paper, the hot end heat dissipation of a monolithic semiconductor
refrigeration sheet is tested and studied. Through the test results, the influencing factors of the
semiconductor hot end heat dissipation on the cold end temperature are analyzed. On the basis of its
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optimal heat dissipation conditions, a two-stage cooling and heat dissipation test study with separate
current input is further used to obtain a lower cold end temperature. The two types of
semiconductor refrigeration chips TEC1-12705 and TEC1-12706 were tested for forced convection
of heat sinks without heat pipes and forced convection of heat sinks with heat pipes. The device is
mainly composed of semiconductor refrigeration sheet, adjustable power supply module, power
adapter, power voltage regulator, thermal insulation material, thermal grease, radiator, thermometer
and wire and other equipment. The detailed information of the device is as follows:

1) Semiconductor refrigeration sheet: TECI1-10275 size 40x40x3.8 mm, rated voltage
DCI12V, maximum voltage 15.4V, maximum current 5A, maximum cooling capacity S55W,
maximum temperature difference 67°C (hot terminal temperature Th = 27°C ambient temperature =
27°C under maximum voltage conditions); TEC1-12706 size 40x40x3.8 mm, rated voltage DC12V,
maximum voltage 15.4V, maximum current 6 A, maximum cooling capacity 60W, maximum
temperature difference 67°C (hot terminal temperature Th = 27°C ambient temperature = 27°C
under maximum voltage conditions);

2) Power adapter: HKA150120A0-7C, 12V10A, maximum output power 120W; Adjustable
power module: LM2596S, the output voltage is continuously adjustable from 1.25 to 32V, the
output current is 0~5A, and the maximum power is 75W;

3) Power supply voltage regulator: TDGC3-500VA, single-phase contact voltage regulator,
voltage regulation range 0~300V;

4) Thermal insulation material: aluminum foil thermal insulation cotton, 40x40x20 mm

5) Thermal grease: Thermalright TF8, thermal conductivity 13.8 W/m-K;

6) Radiator: Coldmaster Z30, TPD65W, size 107x112x52.2 mm, fan 90x90 mm, speed 2000
rpm=10%; ThermalrightAK 120, size 120x73x148 mm, TDP125W, fan 120x120 mm, speed 1550
rpm=10%;

7) Thermometer: YOWEXAYET-620, measurement range -500C~3000C, resolution O.OIOC,
measurement accuracy +3%, +0.4°C.

The test device for heat dissipation of a monolithic semiconductor heat sink without heat pipe
is shown in Figure 1.
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The test device for monolithic semiconductor heat dissipation without heat pipe for heat sink
is shown in Figure 1. The hot end of the semiconductor cooling sheet is in contact with the
aluminum fin heat sink without heat pipe through thermal conductive glue, and a fan is used for
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forced convection heat dissipation. In order to more accurately measure the temperature of the cold
end, aluminum foil thermal insulation cotton with a small thermal conductivity is used for thermal
insulation. The voltage of the semiconductor cooling sheet and the fan is provided by the DC power
supply, and the input current of the semiconductor cooling sheet is adjusted through the adjustable
power supply module. The radiator has a heat pipe. The principle of heat dissipation is shown in
Figure 2. The evaporation section of the heat pipe is close to the hot surface of the semiconductor
refrigeration sheet, and the condensing section is equipped with fins and dual fans are used for
forced convection heat dissipation. Except for the radiator, the radiator has a heat pipe heat
dissipation test device, and the other design parts are the same as the radiator without a heat pipe
heat dissipation test device. The three-dimensional model is shown in Figure 3.

Insulation layer

Semiconductor chilling plate

Radiator

Voltage regulator
DC power supply

Thermometer

Figure 3. Three-dimensional model diagram of the experimental device

The test is carried out indoors, using air conditioning to adjust the indoor temperature to a
fixed temperature, and using the test device shown in Figures 1 and 2, the model TEC1-12705 and
model TEC1-12706 semiconductor refrigeration chips were tested for heat dissipation without heat
pipes and heat dissipation with heat pipes for heat sinks, respectively. The input voltage of the hot-
end forced convection cooling fan is fixed, and the input current of the semiconductor refrigeration
chip is changed by a power supply voltage regulator, and the temperature tester is used to measure
the temperature of the cold end under different input currents over time, and the temperature of the
cold end under stable operating conditions.

At the same ambient temperature, this test used different input currents, under the condition
that the radiator has no heat pipe and the radiator has a heat pipe, TEC1-12705 and TEC1-12706
two different types of monolithic semiconductor refrigeration chips were tested and tested, and the
cold terminal temperature was collected. Data on the change of time under different currents. The
temperature of the semiconductor refrigeration sheet TEC1-12705 varies with the current as shown
in Figure 4. The temperature of the semiconductor refrigeration sheet TEC1-12705 varies with the
current as shown in Figure 5.

The minimum temperature and stable temperature of the corresponding input current under
stable operation of the radiator without heat pipe are shown in Table 1. The minimum temperature

(B
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 444



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne6. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/91

and stable temperature of the corresponding input current under stable operating conditions of the
radiator with a heat pipe are shown in Table 2.

Figure 4 (a) shows the temperature of the cold end of the TEC1-12705 semiconductor
refrigeration sheet over time and the input current under the condition that the radiator has no heat
pipe to dissipate heat. The results show that the temperature of the cold end of the semiconductor
can stabilize after a period of time under any input current; combined with Table 1, when the
current is less than 2A input, the cold end temperature drops over time until it stabilizes, and when
the input current is greater than 2A, the cold end temperature first drops to a minimum temperature
and then rises, and finally the temperature also tends to stabilize; As can be seen from Figure 4 (¢),
the cold end temperature drops to a minimum temperature and then rises, and finally the
temperature also tends to stabilize; As can be seen from Figure 4 (¢), the cold end temperature drops
to a minimum temperature and then rises, and finally the temperature also tends to stabilize; The
final stable temperature of the terminal decreases first and then increases as the input current
increases. The minimum temperature is -4.6°C, and the corresponding input current is 2.8A.
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Figure 4. TECI1-12705 semiconductor cooling chip hot end heat dissipation under different
currents
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Figure 5. TEC1-12706 semiconductor cooling chip hot end heat dissipation under different currents

Figure 4(b) shows the TEC1-12705 model semiconductor refrigeration sheet under the
condition that the radiator has a heat pipe to dissipate heat, the cold terminal temperature changes
over time and the input current. It can be seen from the figure that under any input current, the cold
terminal temperature continues to decrease over time, and it tends to stabilize after 80s; as can be
seen from Figure 4(d), the final temperature of the semiconductor cold terminal decreases first and
then increases with the increase of the input current, the minimum temperature is -5.3°C, and the
corresponding input current is 3.6A.

Figure 5 (a) shows the changes of the cold terminal temperature over time and the input
current of the TEC1-12706 semiconductor refrigeration sheet under the condition that the radiator
has no heat pipe to dissipate heat. The test results show that the cold terminal temperature can
stabilize after a period of time under any input current; combined with Table 1, when the current
input is less than 2.8A, the cold terminal temperature drops over time until it stabilizes, and when
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the input current is greater than 2.8A, the cold terminal temperature first drops to a minimum
temperature and then rises, and finally the temperature tends to stabilize; from Figure 5 (c) It can be
seen that the final stable temperature of the semiconductor cold terminal decreases first and then
increases with the increase of the input current. The minimum temperature is -8.2°C, and the
corresponding input current is 3.6A. Figure 5(b) shows the TEC1-12706 model semiconductor
refrigeration sheet under the condition that the radiator has a heat pipe to dissipate heat, the
temperature of the semiconductor cold terminal changes over time and the input current. As can be
seen from the figure, the temperature of the cold terminal decreases over time under any input
current, and it tends to stabilize after 70s; as can be seen from Figure 5(d), the final temperature of
the cold terminal decreases with the increase of the input current, the minimum temperature is -
8.9°C, and the corresponding input current is 3.6A.

Table 1
THE TEMPERATURE OF THE COLD END
OF THE RADIATOR WITHOUT HEAT PIPE COOLING EXPERIMENT
Name Parameter Numerical value
Current I/A 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6

TEC1- Mintemperature atthe cold 14.1 8.6 27 08 -34 -44 -46 -34 -33
12705 end T _cl/°C

Stable cold end temperature  14.1 8.6 27 -08 32 36 -26 -17 33
T c2/°C

TEC1- Mintemperature atthe cold 147 101 46 06 -3.7 64 -75 -76 -82
12706 end T_cl/°C

Stable cold end temperature 147 101 46 -06 -37 63 -71 57 -33

T c2/°C
Table 2
THE TEMPERATURE OF THE COLD END
OF THE RADIATOR WITH HEAT PIPE COOLING EXPERIMENT
Name Parameter Numerical value
Current I/A 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6

TEC1- Mintemperature atthe cold 13.8 8.2 26 09 35 -44 -47 51 53
12705 end T cl/°C

Stable cold end temperature  13.8 8.2 26 -09 35 -44 -45 35 -26
T c2/°C

TEC1- Mintemperature atthe cold 146 9.8 44 08 -39 66 -76 -86 -89
12706 end T_cl/°C

Stable cold end temperature 146 9.8 44 08 -39 66 -76 -78 -6.6
T c2/°C

As can be seen from Figures 4 and 5, the input current is 0~3.6A. The same type of
semiconductor refrigeration sheet has a heat pipe in the radiator to dissipate heat. The minimum
temperature of the cold end can be obtained lower than that of the heat pipe without heat pipe, and
the corresponding operating current is greater. This is because the heat pipe has a greater heat flow
density and improves the heat dissipation intensity of the hot end, so the minimum temperature of
the cold end is lower.

As can be seen from Figures 4 (a) and 5(a), when the operating current reaches a certain level,
the temperature of the cold terminal changes over time, first decreasing, then increasing, and finally
stabilizing. This is because under smaller current conditions, the heat generated by the hot end is
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small, and the heat dissipation of the radiator without a heat pipe can take away most of the heat in
time, and the heat transmitted to the cold end in the form of heat conduction is small, and the
cooling capacity of the cold end is less than the thermal conductivity of the hot end, so in the case
of low current input, the temperature of the cold end decreases over time, the temperature of the
cold end continues to decrease, the temperature difference between the hot and cold ends increases,
and the heat transmitted through the hot end to the cold end increases, while the temperature of the
cold end continues to decrease, when the heat transmitted through the hot end is equal to the cooling
capacity of the cold end, then the temperature reaches stability. However, when the working current
increases to a certain extent, the temperature of the cold end quickly decreases to a certain value
under the corresponding working current. At this time, the heat flow density of the finless heat pipe
forced convection for heat dissipation is small, and the heat dissipation rate is less than the heat
production rate, resulting in a large temperature difference between the hot and cold ends during
transients. The accumulated heat is transmitted to the cold end in the form of thermal conductivity.
The heat transfer is greater than the cooling capacity of the cold end, so that the temperature of the
cold end rises, and after the temperature of the cold end rises, the temperature difference between
the hot and cold ends decreases, and the heat transmitted from the hot end to the cold end is
reduced. When the heat absorbed by the cold end is equal to the heat conduction of the hot end, then
The temperature is stable.

As can be seen from Figures 4 (b) and 5(b), under the same current, the temperature of the
cold end of the semiconductor refrigeration sheet gradually decreases. This is because the heat flow
density of the heat pipe radiator is large, the heat dissipation effect is good, and the temperature of
the hot end rises slowly. In this process, the amount of heat generated by the cold end of the
semiconductor is greater than the heat from the hot end to the cold end, so the temperature of the
cold end continues to decrease. However, as the temperature difference between the hot and cold
ends increases, the heat conduction from the hot end to the cold end increases. At the same time, as
the temperature of the cold end decreases, the amount generated also decreases. When the cooling
capacity is reduced to equal to the increased heat conduction, the temperature of the cold end
reaches stability at this time.

Analysis From Figures 4 (b) and 5(b), it can be seen that the temperature of the cold end of
the radiator is gradually reduced under the forced convection of the heat pipe and any current input
conditions, but the temperature of the cold end of the high-power TEC1-12706 semiconductor
refrigeration sheet decreases with the increase of current, and the temperature of the cold end of the
low-power TEC1-12705 semiconductor refrigeration sheet increases first and then decreases with
the increase of current. This is because, as the input current increases, the heat generated by the
high-power power semiconductor refrigeration sheet increases, but when it increases to the
maximum value, the heat flow density and structural shape of the radiator can take away most of the
heat generated, which has little effect on the temperature of the cold end. The hot end of the low-
power semiconductor refrigeration sheet generates more heat than that of the high-power
semiconductor refrigeration sheet. When the working current reaches a certain value, the heat
accumulated at the hot end is large, and the heat flow of the heat pipe radiator is limited, and most
of the heat cannot be dissipated in time. The influence on the temperature of the cold end is
prominent, resulting in the temperature of the cold end cannot continue to decrease as the current
increases.

The minimum temperature of the cold end obtained by testing a single semiconductor chip is
relatively limited. In order to obtain a lower cooling temperature, this paper designs a two-stage
cooling device that separates the current input and uses the cooling capacity of the cold end of one
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semiconductor to dissipate the heat of the hot end of the other semiconductor, and conducts
experimental research by adjusting the input current. In this article, TEC1-12706 and TEC1-12706,
TEC1-12706 and TEC1-12705 were selected for the combination test of two sets of models. From
the previous four test conditions, it can be seen that the TEC1-12706 semiconductor refrigeration
sheet adopts a radiator with a heat pipe to force convection to dissipate heat. The lowest
temperature obtained is -8.9[1, corresponding to the input current of 3.6A. Therefore, in the two sets
of tests, the cooling capacity of the cold end of the working condition is used as the radiator of
another semiconductor refrigeration sheet. In order to distinguish the semiconductor sheet, the
semiconductor sheet used as the heat sink is referred to as TEC1-12706 semiconductor sheet A, and
the other sheet is referred to as semiconductor sheet B as the cooling end. The cold end face of
TEC1-12706 semiconductor sheet A is close to the hot end face of semiconductor sheet B, and the
cold end of semiconductor sheet B is insulated at the same time. The input current of the two
semiconductor chips is adjusted by the voltage regulating module, and the temperature of the cold
terminal of semiconductor chip B is measured with the current. The test principle and device are
shown in Figure 6.

TECI-12T08 TEC 12706 semicendwctor chilling plate B Semiconductor B Insulation kayer

TECT- 12786 semicamductor chilling plate A ‘|/ Semiconductor A
pr—— — '\\ ,l' Adjustable power supply Voitage regulator B
wstablo power supply <
M ahibebbhas \ II»' | Voltage regulator A

\
\
\
\

— ]

> g temperatury
| 1t'"uvnul rase| P

—© ;° Hotesd
= o < + emperature E
Heat pipe -t = o .
) — gy =1 ol om|
Switch ‘é/ [ temperstury

N=—=1

luy
plug L)

!
=

O

&

e

—9

Thermosoeter

=

Radiator

bC pow’er supply

- |
Switeh
1] Heat pipe fis radiator
r=
j‘.".,.l_

]

Figure 6. Experimental device of radiator with heat pipes for two-stage refrigeration heat dissipation

Thermometer

A two-stage refrigeration test was performed on the combined semiconductor cooling sheet of
TEC1-12706 and TEC1-12706. At the beginning of the test, the cooling fan was turned on and the
input current was adjusted so that the operating current of the semiconductor sheet A was 3.6A. The
temperature of the cold end of the semiconductor cooling sheet B was measured, and then the
voltage regulator adjusted the input current of the cooling sheet B starting from 0, each time the
current is adjusted, the temperature of the cold end of the semiconductor sheet B will change, and
the corresponding temperature will be measured until it is stable.

The test results are shown in Figure 7(a). The temperature of the cold terminal of
semiconductor chip B decreases first and then increases as its input current increases. The minimum
temperature is -35.6°C and the corresponding input current of semiconductor chip B is 1.6A. This is
because at low current transmission, the cooling capacity of semiconductor sheet A is greater than
the heat dissipation of semiconductor sheet B, but as the input current increases, the heat dissipation
of semiconductor sheet B increases, resulting in the cooling effect deteriorates and the temperature
rises.
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In order to determine the best operating current combination corresponding to the lowest
temperature, this paper further tested the input current of semiconductor chip B to 1.6A remained
unchanged, and the semiconductor B current rose from 0.4A to 3.6A. The results are shown in

Figure 7(b). As the input current of semiconductor chip A increases, its temperature gradually
decreases.
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Figure 7. The temperature change at the cold end of two-stage refrigeration of TCE1-12706
semiconductor chip
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Figure 8. The temperature change at the cold end of two-stage refrigeration of TEC1-12706 and
TEC1-12705 semiconductor chip

The input current corresponding to the lowest temperature is 2.8A and 3.2A, and the lowest
temperature is -36.8°C, and then rises. The temperature will drop slightly because, when the current
input of semiconductor chip A decreases, under such a combination of operating conditions, the
cooling capacity increases, and the heat at the hot end of semiconductor chip B increases, causing
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the temperature at the cold end of semiconductor chip B to drop. At the same time, the cold end of
the semiconductor sheet A is the hot end of the semiconductor sheet B. Under the guarantee of heat
dissipation capacity, the hot end temperature of the semiconductor sheet B is lower than the hot end
temperature of the monolithic semiconductor heat dissipation test, so that the minimum cold end
temperature is lower than the minimum cold end temperature of the monolithic semiconductor heat
dissipation.

The same method was used to conduct two-stage refrigeration tests on TEC1-12706 and
TEC1-12705 semiconductor chips. The test results showed that the cold end temperature change
trend was similar to the two-stage refrigeration test of TEC1-12706 semiconductor refrigeration
chips, as shown in Figure 8. Under the initial operating conditions of the same input current of
3.6A, the cold terminal of TEC1-12706 semiconductor A dissipates heat to the hot terminal of
semiconductor B. When the input current of TEC1-12705 semiconductor B is 1.6A, the minimum
temperature of the cold terminal is -33.2°C, which is higher than the minimum temperature of the
cold terminal of TEC1-12706 semiconductor B with an input current of 1.6A is -35.6°C. The main
reason is that under the same hot terminal heat dissipation, the heat dissipation capacity of the hot
terminal of the low-power semiconductor refrigeration chip is large, which restricts the temperature
of the cold terminal. Further reduced. Under the combination of TEC1-12706 input current of 2.8A
and TEC1-12705 input current of 1.6A, the minimum temperature obtained is -33.2°C.

The minimum temperature obtained is higher than the temperature obtained by the two-piece
TEC1-12706 two-stage refrigeration test. The test results show that the use of separate current input
for two-stage refrigeration can significantly reduce the cold-end temperature, thereby increasing the
operating temperature difference of the semiconductor refrigeration sheet. At the same time, the
cold-end temperature can reach the lowest under the best combination of input current conditions,
and the higher the cooling power, the lower the cold-end temperature obtained by the two-stage
refrigeration of the semiconductor refrigeration sheet.

Conclusion

1. The heat sink has no heat pipe to dissipate heat. TEC1-12705 and TECI-12706
semiconductor types have a small input current, and their cold terminal temperature decreases over
time and finally tends to stabilize. When the input current reaches a certain value, the cold terminal
temperature decreases over time and then increases, and finally reaches stability; The stable
temperature of the cold terminal of the two types of semiconductor decreases first and then
increases with the input current.

2. The heat sink has a heat pipe to dissipate heat as the input current increases. The stable
temperature of the cold end of the TEC1-12705 semiconductor decreases first and then increases,
while the temperature of the cold end of the TEC1-12705 semiconductor decreases. At a certain
input current, the cold terminal temperature of the two types of semiconductor decreases with the
increase of time.

3. The radiator has no heat pipe to dissipate heat. The minimum temperature of TEC1-12705
is -4.5°C, corresponding to a current of 2.8A, and the minimum temperature of TEC1-12706 is -
8.2°C, corresponding to a current of 3.6A. The radiator has a heat pipe to dissipate heat. The
minimum temperature of TEC1-12705 is -5.3°C, corresponding to a current of 3.6A, and the
minimum temperature of TEC1-12706 is -8.9°C, corresponding to a current of 3.6A. Obviously, the
radiator adopts a heat pipe to dissipate heat, which improves the heat dissipation conditions and
reduces the temperature of the cold end.

4. Test and analyze the input current and heat dissipation conditions of the lowest cold
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terminal temperature of different types of monolithic semiconductor refrigeration chips, and under
corresponding operating conditions, a two-piece TEC1-12706 semiconductor refrigeration chip is
used for two-stage refrigeration. Under the combination of input current of 3.2A and 3.6A, the cold
terminal temperature can reach -36.8°C. Tests have shown that dissipating heat through the cold end
of the semiconductor and the hot end of the other semiconductor can greatly reduce the temperature
of the cold end, which improves the working temperature difference of the semiconductor
refrigeration sheet. The higher the cooling power, the lower the cold end temperature can be
obtained by two-stage refrigeration of the semiconductor refrigeration sheet.
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