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Abstract— The proposed circuit aims to harvest energy from 
body heat, in which the thermal gradient is only a few degrees. The 
boost converter operating in a burst mode offers a high conversion 
ratio while minimizing power loss. Maximum power point 
tracking based on the fractional open circuit voltage method 
ensures that the proposed circuit can be applied for a variety of 
thermoelectric generators (TEGs) and TEG setups. The proposed 

circuit is designed and laid out in CMOS 0.25 µm technology. Post 
layout simulation results indicate the converter is able to boost 
input voltages as low as 50 mV to the regulated output of 3 V, while 
achieving peak efficiency of 81%.   

Keywords— Body heat energy harvesting, maximum power point 
tracking, boost converter, burst mode, thermoelectric generator. 

I. INTRODUCTION 

Thermoelectric energy generators (TEGs) convert thermal 
energy into electrical energy in the form of DC voltage. The 
energy generated by TEGs is small for small temperature 
gradients including body heat. Extensive research on circuit 
design has been conducted to harvest small thermal energy 
generated by TEGs [1]-[17]. As a TEG generates a low DC 
voltage from small thermal energy, there are several typical 
issues for the circuit design, specifically design of power 
management circuits.  

First, it is often necessary to step up the voltage to power 
devices. A DC-DC converter or charge pump could be used for 
the purpose. An alternative approach is to design the load device 
for ultralow voltage and power [18]. In addition, regulation of 
the output voltage would be necessary for practical purposes. 
Second, the source impedance of TEGs depends on the 
construction of TEGs [19],[20]. To transfer the maximum power 
from a TEG to the load, the source impedance of the TEG should 
match the input impedance of the power management circuit. It 
is desirable for a circuit to match the source impedances of a 
given TEG without manual tuning. Then, the circuit is ready to 
work with TEGs with different source impedances. Adoption of 
maximum power point tracking (MPPT) serves the purpose. 
Lastly, power dissipation of  the circuits should be minimized to 
increase the conversion efficiency. 

A straightforward approach to address the first two isssues is 
to adopt two power stages in cascade; the first stage for MPPT 
and the second stage for output voltage regulation. Two power 

stages, however, dissipate large power, while increasing the 
circuit complexity.  

A single stage converter that regulates both input and output 
voltages was proposed to harvest solar energy [21]. The 
converter uses a dual comparator scheme with MPPT based on 
the Fractional Open Circuit Voltage (FOCV) method. The 
converter is synchronous and adopts a constant on-time and 
adaptive off-time scheme, which increases the circuit 
complexity and hence power dissipation. Further, the converter 
operation is interrupted periodically to sample and hold the open 
circuit voltage [21]. We propose to address the shortcomings of 
the circuit through adoption of an asynchronous converter and a 
burst mode scheme. It reduces the circuit complexity to decrease 
power dissipation, resulting high efficiency, which is critical for 
the target application, body heat energy harvesting. 

The proposed circuit aims to power wearable devices 
through body heat energy harvesting. The paper is organized as 
follows. Section II provides preliminaries including 
thermoelectric generators. Section III describes design and 
operation of key building blocks. Section IV presents simulation 
results, and Section V concludes the paper. 

II. PRELIMINARIES 

A. Energy Harvesting with Thermoelectric Generators 

A thermopile is n-type material in series with p-type. A TEG 
is composed of multiple thermopiles in parallel and/or series 
[22]. A TEG can be modeled as a DC voltage source in series 
with an internal resistance. The resistance can range from less 
than 1 Ω to several hundreds ohms [19],[20]. TEGs can only 
produce a few tens of mV from body heat due to the low 
temperature gradient [19]. So, it is necessary to step up the TEG 
voltage to power typical wearable devices such as wireless 
sensor nodes. 

B. Boost Converter 

While both the boost and buck-boost topologies work for the 
target application, a boost converter offers higher efficiency. A 
boost converter operating in discontinuous conduction mode 
(DCM) is adopted for the proposed circuit. The power stage of 
a boost converter and the DCM operation is shown in Fig. 1. 
During the D1TS period the NMOS is turned on, the input 
voltage charges the inductor L and the inductor current IL rises. 
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