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Abstract: Systems and methods are disclosed herein relating to an Alternating 
Current-Direct Current (AC-DC) power conversion system for supplying power to one 
or more Thermoelectric Coolers (TECs). A system comprises one or more TECs and an 
AC-DC power conversion system configured to supply power to the one or more TECs 
for a high efficiency mode of operation and a high heat pumping mode of operation. 
The AC-DC power conversion system comprises a first AC-DC power converter 
configured to convert an AC input to a DC output at a first output power level for the 
high efficiency mode of operation of the one or more TECs. The AC-DC power 
conversion system further comprises a second AC-DC power converter configured to 
convert the AC input to a DC output at a second output power level for the high heat 
pumping mode of operation of the one or more TECs. 
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1. Introduction 
 
Thermoelectric Coolers (TECs) are solid state semiconductor devices that utilize the 
Peltier effect to transfer heat from one side of the device to the other, thereby creating 
a cooling effect on the cold side of the device. One example of a thermoelectric cooling 
device 10 is illustrated in Fig. 1. Notably, as used herein, a thermoelectric cooling 
device consists of a single N-type leg and a single P-type leg (i.e., is a two-leg device), 
whereas a thermoelectric cooling module includes many thermoelectric cooling devices 
connected in series. As such, the general term “thermoelectric cooler” or TEC is used 
herein as referring to either thermoelectric cooling devices or thermoelectric cooling 
modules [1, 2].  

As illustrated in FIG. 1, the thermoelectric cooling device 10 includes an N-type leg 1 
a P-type leg 14, a top conductive metal layer 16, and a bottom conductive metal layer 
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18. The N-type leg 1and the P-type leg 14 are formed of a thermoelectric material (i.e., 
a semiconductor material having good thermoelectric properties) [3]. In order to effect 
thermoelectric cooling, an electrical current is applied to the thermoelectric cooling 
device 10 as shown. The direction of current transference in the N-type leg 1and the 
P-type leg 14 is parallel to the direction of heat transference in the thermoelectric 
cooling device 10. As a result, cooling occurs at the top conductive metal layer 16 by 
absorbing heat at the top surface of the thermoelectric cooling device 10 and releasing 
heat at the bottom surface of the thermoelectric cooling device 10. One example of a 
thermoelectric module  is illustrated in FIG1.  As illustrated, the thermoelectric module  
includes multiple thermoelectric cooling devices 10 connected in series. These multiple 
thermoelectric cooling devices 10 are packaged within a single thermoelectric module 
[4, 5, 6].  

 

 
 

Figure 1. Thermoelectric cooling device 
 

2. High-Efficiency Power Conversion Architecture for Driving A 
Thermoelectric Cooler 

 
Systems and methods are disclosed herein relating to an Alternating Current-Direct 
Current (AC-DC) power conversion system for supplying power to one or more 
Thermoelectric Coolers (TECs) in such a manner as to minimize or reduce total AC 
power draw. In some embodiments, a system comprises one or more TECs and an 
AC-DC power conversion system configured to supply power to the one or more TECs 
for a high efficiency mode of operation and a high heat pumping mode of operation. 
The AC-DC power conversion system comprises a first AC-DC power converter 
configured to convert an AC input to a DC output at a first output power level for the 
high efficiency mode of operation of the one or more TECs. The first output power level 
corresponds to a high [7] . 
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Coefficient of Performance (COP) operation point of the one or more TECs. The first 
AC-DC power converter has, at the first output power level, an efficiency that is 
approximately equal to a maximum efficiency of the first AC-DC power converter. The 
AC-DC power conversion system further comprises a second AC-DC power converter 
configured to convert the AC input to a DC output at a second output power level for 
the high heat pumping mode of operation of the one or more TECs. The second output 
power level corresponds to a high heat pumping operation point of the one or more 
TECs. The second AC-DC power converter has, at the second output power level, an 
efficiency that is approximately equal to a maximum efficiency of the second AC-DC 
power converter. In this manner, a total AC draw of the system is reduced as compared 
to one that uses a conventional AC-DC power converter, particularly when operating 
the one or more TECs in the high efficiency mode of operation.  

The AC-DC power conversion system further comprises a switching fabric comprising 
a first input coupled to an output of the first AC-DC power converter, a second input 
coupled to an output of the second AC-DC power converter, and an output coupled to 
the one or more TECs.  

The AC-DC power conversion system further comprises a DC-DC converter having an 
input coupled to an output of the second AC-DC power converter and an output 
coupled to the second input of the switching fabric. In some embodiments, the system 
further comprises a controller configured to adaptively control the DC-DC converter 
when operating the one or more TECs in the high heat pumping mode of operation to 
adaptively adjust a power level provided to the one or more TECs within a 
predetermined high power level range. In some embodiments, the predetermined high 
power level range is a range of power levels that corresponds to a range of heat 
pumping energies within or including % to 100% of the maximum heat pumping 
(Qmax) of the one or more TECs [8, 9].  

The AC-DC power conversion system further comprises a DC-DC converter having an 
input coupled to an output of the first AC-DC power converter and an output coupled to 
the first input of the switching fabric. In some embodiments, the system further 
comprises a controller configured to adaptively control the DC-DC converter when 
operating the one or more TECs in the high efficiency mode of operation to adaptively 
adjust a power level provided to the one or more TECs within a predetermined low 
power level range. In some embodiments, the predetermined low power level range is 
a range of power levels that corresponds to a range of COP values within or including 
80% to 100% of the maximum COP ( COPmax) for the one or more TECs.  

The system further comprises a controller configured to selectively control the 
switching fabric such that the one or more TECs are coupled to the output of first 
AC-DC power converter for the high efficiency mode of operation and coupled to the 
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output of the second AC-DC power converter for the high heat pumping mode of 
operation. In some embodiments, the controller is further configured to enable the first 
AC-DC converter and disable the second AC-DC converter for the high efficiency mode 
of operation of the one or more TECs. In some embodiments, the controller is further 
configured to disable the first AC-DC converter and enable the second AC-DC converter 
for the high heat pumping mode of operation of the one or more TECs.  

The one or more TECs comprises a first set of TECs and a second set of TECs, each 
of the first set and second set of TECs comprising one or more TECs. Further, the 
AC-DC power conversion system further comprises a switching fabric comprising a first 
input coupled to an output of the first AC-DC power converter, a second input coupled 
to an output of the second AC-DC power converter, a first output coupled to the first set 
of TECs, and a second output coupled to the second set of TECs. The switching fabric 
is configured to independently couple the first and second sets of TECs to the first and 
second AC-DC power converters such that the first and second sets of TECs are 
independently operated in either the high efficiency mode of operation or the high heat 
pumping mode of operation.  

The high COP operation point is a maximum COP operation point and the high heat 
pumping operation point is a maximum heat pumping operation point.  

A method of controlling an AC-DC power conversion system to provide power to one 
or more TECs for a high efficiency mode of operation and a high heat pumping mode 
of operation is provided. The AC-DC power conversion system comprises a first AC-DC 
power converter configured to convert an AC input to a DC output at a first output 
power level for the high efficiency mode of operation of the one or more TECs and a 
second AC-DC power converter configured to convert the AC input to a DC output at a 
second output power level for the high heat pumping mode of operation of the one or 
more TECs, and the method comprises determining whether to operate the one or 
more TECs in the high efficiency mode of operation or the high heat pumping mode of 
operation. The method further comprises, upon determining to operate the one or 
more TECs in the high efficiency mode of operation, configuring the AC-DC power 
conversion system to couple an output of the first AC-DC power converter to the one or 
more TECs, the first output power level of the DC output of the first AC-DC power 
converter corresponding to a high COP operation point of the one or more TECs and the 
first AC-DC power converter having, at the first output power level, an efficiency that is 
approximately equal to a maximum efficiency of the first AC-DC power converter. The 
method further comprises, upon determining to operate the one or more TECs in the 
high heat pumping mode of operation, configuring the AC-DC power conversion 
system to couple an output of the second AC-DC power converter to the one or more 
TECs, the second output power level of the DC output of the second AC-DC power 
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converter corresponding to a high heat pumping operation point of the one or more 
TECs and the second AC-DC power converter having, at the second output power level, 
an efficiency that is approximately equal to a maximum efficiency of the second AC-DC 
power converter.  
 
3. Coefficient of Performance (COP) curve for a Thermoelectric Cooler (TEC) 

and an efficiency curve 
 
Systems and methods are disclosed herein relating to an Alternating Current-Direct 
Current (AC-DC) power conversion system for supplying power to one or more 
Thermoelectric Coolers (TECs) in such a manner as to minimize or reduce total AC 
power draw. However, before describing these systems and methods, a discussion of 
a Coefficient of Performance (COP) of a TEC and an efficiency of a conventional AC-DC 
power converter is beneficial. The COP of a TEC is a measure of the efficiency of the 
TEC and is defined as:  COP=Q/Pin  . 

Where Q is heat pumped by the TEC and Pin is the input power of the TEC. The COP 
of a TEC is generally low when the heat pumped, and thus input power, is high and is 
generally high when the heat pumped, and thus input power, is low.  

In contrast, the efficiency of conventional AC-DC power converters is generally high 
when the output power of the AC-DC power converter is high and low when then 
output power of the AC-DC power converter is low. As such, when a conventional 
AC-DC power converter is used to provide power to a TEC operating at low COP (high 
heat pumping energy), the AC-DC power converter performs with high efficiency. 
Conversely, when the AC-DC power converter is used to provide power to a TEC 
operating at high COP (low heat pumping energy), the AC-DC power converter 
performs with low efficiency. This presents a fundamental challenge in applications 
where total AC power draw is desired to be low since, in order to achieve satisfactory 
performance, operation of the TEC is desired to be controlled such that the TEC 
operates at both a high COP and a low COP (i.e., high heat pumping energy) under 
different conditions. For example, a TEC based refrigeration system may desire to 
operate the TEC at high COP most of the time (e.g., under steady state conditions) and 
infrequently operate the TEC at low COP (i.e., high heat pumping energy) (e.g., under 
pull-down or recovery conditions). As illustrated in FIG2.  when the TEC is operated at 
high COP, the AC-DC power converter performs with low efficiency and, as such, the 
overall AC power draw is less than ideal. As also illustrated in Fig. 2.  when the TEC is 
operated at low COP (i.e., high heat pumping energy), the AC-DC power converter 
performs with high efficiency, but the overall AC power draw is again less than ideal 
due to the low COP of the TEC.  
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Figure 2. Coefficient of Performance (COP) curve for a Thermoelectric Cooler (TEC) 
 
TEC(s) at low COP (i.e., high heat pumping energy). In particular, the AC-DC power 

conversion system includes two AC-DC power conversion subsystems, one with high 
power capability and one with low power capability. A switch network, or switching 
fabric, connects the two separate AC-DC power conversion subsystems to the TEC(s). 
In some embodiments, a microcontroller intelligently controls the AC-DC power 
conversion subsystems and the switch network. The low power AC-DC power 
conversion subsystem is designed such that its power conversion efficiency is 
maximized when the TEC(s) operates at its high COP point (with lower heat pumping 
magnitude). The high power AC-DC power conversion subsystem is designed such that 
its power conversion efficiency is maximized when the TEC(s) operates at its low COP 
point (with high heat pumping magnitude).  
 

4. AC-DC power conversion system 
 
Fig. 3 illustrates a system including an AC-DC power conversion system  supplying 
power to one or more TECs  according to some embodiments of the present disclosure. 
The AC-DC power conversion system includes a high power AC-DC power converter  
and an optional DC-DC converter  forming a first power conversion subsystem and a 
low power AC-DC power converter  forming a second power conversion subsystem. An 
AC switching network  has an input coupled to an AC source (not shown), e.g., an AC 
outlet via a cable , a first output coupled to an input of the high power AC-DC power 
converter , and a second output coupled to an input of the low power AC-DC power 
converter . A switching fabric , or switch network, has a first input coupled to an output 
of the high power AC-DC power converter  (optionally via the DC-DC converter ), a 
second input coupled to an output of the low power AC-DC power converter , and an 
output coupled to an input of the TEC(s).  
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Figure 3. System including an AC-DC power conversion system 
 

5. The operation of the control system according 
 
As illustrated, the control system 4determines a mode of operation in which the TEC(s)  
is to be operated (step 100). The determination may be made based on one or more 
inputs such as, e.g., temperature input(s) from a temperature sensor(s). If the 
determined mode of operation for the TEC(s)  is the high heat pumping mode of 
operation (step 10 NO), the control system 4configures the AC-DC power conversion 
system  for the high heat pumping mode of operation (step 104). In particular, the 
control system 4enables the high power AC-DC power converter  via a high W 
converter enable signal and disables the low power AC-DC power converter  via a low 
W converter enable signal. In addition, the control system 4controls the switching 
fabric  to couple the output of the high power AC-DC power converter  to the input of 
the TEC(s)  via a DC switch control signal and controls the AC switching network  to 
couple the AC source to the input of the high power AC-DC power converter . Optionally, 
the control system 4adaptively controls the DC-DC converter  to adaptively adjust the 
output power provided to the TEC(s)  during the high heat pumping mode of operation 
(step 106). The DC-DC converter  may be used to adjust the output power level within 
a predetermined high power level range. In some embodiments, the high power level 
range is a range of power levels that corresponds to a range of heat pumping energies 
within or including % to 100% of the maximum heat pumping energy (Qmax) of the 
TEC(s)  (e.g., % to 100% of Qmax, 50% to 100% of Qmax, 75% to 100% of Qmax, 
40% to 90% of Qmax, or the like). In other embodiments, the high power level range 
is a range of power levels in which, e.g., the high power AC-DC power converter  
performs at approximately the maximum efficiency of the high power AC-DC power 
converter . Fig. 4 is a flow chart that illustrates the operation of the control system. 
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Figure 4. Is a flow chart that illustrates the operation of the control system 
 
Notably, when operating in the high heat pumping mode of operation, in some 

embodiments, it may be desirable for some of the TECs  to be operated at one power 
level and for others of the TECs  to be operated at another power level. In this case, the 
AC-DC power conversion system  is operated such that the higher of these two power 
levels is input to the switching fabric . The switching fabric  is intelligently controlled to 
provide this higher power level to the appropriate TEC(s) . For the other TEC(s)  for 
which a lower power level is desired, the switching fabric  is intelligently controlled to 
use Pulse Width Modulation (PWM) or periodic on/off switching to covert the higher 
power level to the lower power level, which is then provided to the appropriate TEC(s) . 
In this manner, the switching fabric  is intelligently controlled through the use of PWM 
or periodic on/off switching to resolve the situation where one or more TECs  require 
different power levels independently but are coupled to only the high power AC-DC 
power converter.  

When operating in the high heat pumping mode of operation, the control system 
4monitors for a mode change (i.e., monitors for one or more conditions that would 
trigger a switch to the high efficiency mode of operation according to, e.g., a 
predetermined mode control procedure) (step 108). If no mode change is detected, 
the control system 4returns to step 106 and continues. If there is a mode change, the 
control system 4returns to step 10and continues.  

Returning to step 10 if the determined mode of operation is the high efficiency mode 
of operation (step 10 YES), the control system 4configures the AC-DC power 
conversion system  for the high efficiency mode of operation (step 110). In particular, 
in some embodiments, the control system 4enables the low power AC-DC power 
converter  via the low W converter enable signal and disables the high power AC-DC 
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power converter  via the high W converter enable signal. Notably, in other 
embodiments, the low power AC-DC power converter  is always enabled, and only the 
high power AC-DC power converter  is enabled/disabled depending on the mode of 
operation. In addition, for the high efficiency mode of operation, the control system 
4controls the switching fabric  to couple the output of the low power AC-DC power 
converter  to the input of the TEC(s)  via the DC switch control signal and controls the 
AC switching network  to couple the AC source to the input of the low power AC-DC 
power converter . Optionally, the control system 4adaptively controls the DC-DC 
converter 40 to adaptively adjust the output power provided to the TEC(s)  during the 
high efficiency mode of operation (step 11. The DC-DC converter 40 may be used to 
adjust the output power level within a predetermined low power level range. In some 
embodiments, the low power level range is a range of output power levels in which, 
e.g., the TEC(s)  operates at approximately the maximum COP of the TEC(s) (e.g., a 
range of output power levels corresponding to a range of COP values within or 
including 80% to 100% of COPmax such as, for example, 80% to 100% of COPmax, 
90% to 100% of COPmax, 8 to 98% of COPmax, or the like).  

Notably, when operating in the high efficiency mode of operation, in some 
embodiments, it may be desirable for some of the TECs  to be operated at one power 
level and for others of the TECs  to be operated at another power level. In this case, the 
AC-DC power conversion system  is operated such that the higher of these two power 
levels is input to the switching fabric .  

The switching fabric  is intelligently controlled to provide this higher power level to 
the appropriate TEC(s) . For the other TEC(s)  for which a lower power level is desired, 
the switching fabric  is intelligently controlled to use PWM or periodic on/off switching 
to covert the higher power level to the lower power level, which is then provided to the 
appropriate TEC(s) . In this manner, the switching fabric  is intelligently controlled 
through the use of PWM or periodic on/off switching to resolve the situation where one 
or more TECs  require different power levels independently but are coupled to only the 
low power AC-DC power converter.  

When operating in the high efficiency mode of operation, the control system 
4monitors for a mode change (i.e., monitors for one or more conditions that would 
trigger a switch to the high heat pumping mode of operation according to, e.g., a 
predetermined mode control procedure) . If no mode change is detected, the control 
system 4 returns to step 11and continues. If there is a mode change, the control 
system 4 returns to step 10 and continues.  
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6. Conclusions and implications 
 
In some embodiments, a computer program including instructions which, when 
executed by at least one processor, causes the at least one processor to carry out the 
functionality of the control system 4according to any one of the embodiments 
described herein is provided. In some embodiments, a carrier containing the 
aforementioned computer program product is provided. The carrier is one of an 
electronic signal, an optical signal, a radio signal, or a computer readable storage 
medium.  
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