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ABSTRACT 
Background/Objectives: This paper proposed a hybrid voltage multiplier using Active Diodes and capacitors for vibrational 

energy harvesting and solar applications. Methods/Statistical analysis: This hybridization system is a series combination of two 

voltage multiplier modules (ac-dc & dc-dc). The circuit comprises of Active Diodes and Capacitors. Findings:This proposed hybrid 

ac-dc and dc-dc voltage multiplier model is used to boost voltage from a low voltage solar and vibrational energy sources to charge 

the battery. The circuit employs output-powered active diodes and does not require any external power supply or startup 

circuitry. This hybridization system is a series combination of two voltage multiplier modules. Applications/Improvements:The 

proposed system uses Active diodes which have shown great promise in replacing conventional diodes in low-voltage and low-

current applications. The simulation is carried outusing MATLAB software using Simulink. 
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INTRODUCTION 
 

Mechanical, optical, thermal, and RF energy sources from ambient environment have become attractive 
potential power sources for low-power circuits and systems [1,2]. Energy harvesting systems aim to reduce or 
eliminate the need to replace batteries, by converting ambient energy into electrical energy and charging a 
battery over time. To achieve this goal, a compact, highly efficient power management circuit is as important as 
the harvester itself. For this reason, numerous works have been published on the energy harvester power 
management circuits [3,4,5]. However, most of early works are related to the power management of harvesters 
that generate relatively high voltages [6] (>3V). Achieving this voltage level may be difficult when the ambient 
energy level is relatively low, the harvester’s size is small, or the transduction scheme produces lower voltage. 

Due to practical demand, a fair amount of attention recently has been focused on low-voltage (<1 V) energy 
harvesting circuits [7,8,9]. These efforts aim to address two major challenges: a) how to efficiently convert low-
voltage ac waveform to dc [10,11] (necessary for vibrational and RF energy harvesters); and b) how to boost the 
low voltage to a sufficiently high level to charge a battery [12,13] (necessary for all low-voltage energy 
harvesting systems, including thermal and photovoltaic harvesters). It is observed from the earlier works that, 
main difficulty for rectification is that the forward voltage drop and reverse leakage of junction diodes make 
conventional diode-based rectification circuits inefficient or inoperable. 

To the authors’ knowledge, boost converters for energy harvesting systems rarely achieve efficiency of over 
50% with input voltage less than 1 volt [14,15,16,17]. To alleviate this problem, a single-stage solution has been 
proposed recently[18]. The circuit skips the rectifier stage and directly connects the ac output of the energy 
harvester to a boost converter that can handle positive and negative input voltages. Although the overall 
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efficiency can be improved by eliminating the loss in the rectification stage (which is relatively small), the 
inefficiency problem of the boost converter still exists.In addition to the efficiency problem, a moderately 
valued inductor is required in a boost converter. This inductor often includes a magnetic core, which could 
present compatibility issues with energy harvesters containing magnetic materials. For example, in an 
inductive/magnetic vibrational energy harvester where a moving magnet is used, the magnetic core may impose 
unwanted force on the moving part, affecting the power output. This problem gets worse when the physical size 
of the entire system is relatively small, and the distance between the moving magnet and the inductor is small. 
 
Background Study: 

Many topologies are discussed earlier for step up function with low input voltage that is <=1V.The boost 
converter usually causes significant loss of efficiency for the following reasons.  

1) A high voltage gain is usually desired when the dc voltage is low and the battery charging voltage is 
comparatively high. This forces the converter to work at high duty cycle, resulting in high conduction loss. 
Although an isolated converter can be used to improve the situation, the use of a transformer is not always 
practical for the size-sensitive energy harvesting systems.  

2) Most energy harvesting systems supply only milliwatts of power, and the converter typically has to work 
at light load condition. This is usually unfavorable in terms of efficiency, because the power overhead of the 
control circuits is relatively high compared to the output power. To the authors’ knowledge, boost converters for 
energy harvesting systems rarely achieve efficiency of over 50% with input voltage <1 V.  

Based on the above inferred motivation, the proposed system with voltage multiplier module is designed. 
Figure1 shows a conventional ac-dc voltage multiplier (also known as a “diode ladder circuit”) using diodes 

and capacitors[19]. It comprises of Diodes (D1-D4), Capacitors (C1-C4).The circuit shown uses two stages on 
the positive side and two stages on the negative side. In such a topology, when a sinusoidal input voltage is 
applied, a dc voltage with a magnitude close to four times that of the input amplitude is obtained across the 
capacitors C1 and C4. This circuit is commonly used to provide high voltage (>1 kV) in applications such as X-
ray power supply and lighting [20,21].  

 
 
 
 
 
 
   
 
 
 
 
 
 

Fig. 1: Conventional ac-dc voltage multiplier 
 
The functionality and the performance of the circuit are highly dependent on the input voltage amplitude. 

For example, if the diodes with 0.8 V (typical for Silicon diodes) forward voltage drop are used, the circuit does 
not function when the input voltage amplitude is lower than 0.8 V. For 1-V input amplitude, the voltage gain is 
only about 0.8V according to simulations, with a total voltage drop of 3.2 V on the diodes. The efficiency (20%) 
is also expected to be low because of the large losses associated with the diode voltage drops [22,23]. 
 
Analysis of Proposed Hybrid AC-DC & DC-DC Voltage Multiplier Based on Active Diodes: 

Figure.2 shows proposed hybrid ac-dc& dc-dc voltage multiplier using Active Diodes and capacitors. It 
comprises of Active Diodes (Q1-Q8), Capacitors (C1-C6). This proposed system is an effective hybrid model 
for two different micro generators with different power supplies (ac and dc). This hybridization system is a 
series combination of two voltage multiplier modules (ac-dc & dc-dc). The proposed system uses Active diodes 
which have shown great promise in replacing conventional diodes in low-voltage and low-current applications. 
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Fig. 2: Proposed hybrid ac-dc& dc-dc voltage multiplier using 

 
Active Diode: 

The working principle of an active diode is well
based on a PMOS transistor. In practice, 
arrangement of the body diode direction and the source 
drain terminals are equivalent to the cathode and anode 

 

 
Fig. 3: Schematic of an active diode using PMOS

 
The comparator detects the voltage difference

off the PMOS/NMOS by generating low or high 
diode where the forward voltage drop and reverse leakage current 
conduction resistance can be very small as 

The proposed system is classified into two sections
• AC-DCvoltage multiplier using Active Diodes
• DC-DC voltage multiplier using Active Diodes

 
3.1  AC-DC voltage multiplier using 

Figure4 shows the ac-dc voltage multiplier using 
Diodes (Q1-Q4) and Capacitors (C1
In such a topology, when a sinusoidal input voltage is applied, a dc voltage with a magnitude close to
that of the input amplitude is obtained across the capacitors C1 and C4. For example, 
Diodes with 0.2 V (typical for PMOS/NMOS
when the input voltage amplitude is 
according to simulations, with a total voltage drop of 
also expected to be high because of the 
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of the body diode direction and the source terminal connection. In active diode
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by generating low or high voltage output. The active diode behaves similarly to an ideal 

the forward voltage drop and reverse leakage current are nearzero (approximately 0.2V)
conduction resistance can be very small as well, usually<0.1 Ω. 
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voltage multiplier using Active Diodes: 
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that of the input amplitude is obtained across the capacitors C1 and C4. For example, since the proposed 
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iodes and capacitors 

diagram of an active diode 
between PMOS and NMOS depends on the desired 

active diode, the source and 
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between these two terminals and decides when to turn on or 
. The active diode behaves similarly to an ideal 

zero (approximately 0.2V). The 

iodes and capacitors. It comprises of Active 
positive and negative side. 

In such a topology, when a sinusoidal input voltage is applied, a dc voltage with a magnitude close to four times 
since the proposed Active 

can operate effectively, 
V input amplitude, the voltage gain is 3.2V 

iodes. The efficiency (80%) is 
iode voltage drops [24, 25, 26, 
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Fig. 4: AC-DC voltage multiplier using Active Diodes and capacitors 
 
Operation and theoretical analysis of ac-dc voltage multiplier: 

The operation of the Active Diode based ac-dc voltage multiplier is categorized into First & Second Half. 
This is further classified based on Active Diode conduction into two sections as mentioned below, 

• First half Negative and Positive cycle based on Active Diode 
• Second half Positive and Negative cycle based on Active Diode 
•  

 

 
a) First half Negative cycle 

(b)First half Positive cycle 

(c)Second half Positive cycle (d)Second half Negative cycle 
 
Fig. 5: Modes of Operation of AC-DC voltage multiplier using Active Diode 

 
First half Negative and Positive cycle based on Active Diode: 

The Active Diode (Q�) conducts in this mode of operation (Negative cycle) and the capacitor voltage (C�) 
increases. The voltage across the capacitor (C�) is 0.8V because the forward voltage drop of the Active Diode 
(Q�) is 0.2V as shown in Figure (5.a). Moreover in this mode of operation (Positive cycle) the main supply V�� 
and capacitor (C�) acts as series sources through which the voltage will be added and flows through the Active 
Diode (Q�). Based on the forward voltage drop of the Active Diode (Q�) the capacitor (C�) across the voltage is 
1.6V as shown in Figure (5.b). 
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Second half Positive and Negative cycle based on Active Diode: 
The Active Diode (#&) conducts in this mode of operation (Positive cycle) and the capacitor voltage (C&) 

increases. The voltage across the capacitor (C&) is 0.8V because the forward voltage drop of the Active Diode 
(#&) is 0.2V as shown in Figure (5.c). Moreover in this mode of operation (Negative cycle) the main supply V�� 
and capacitor (C&) acts as series sources through which the voltage will be added and flows through the Active 
Diode (Q$). Based on the forward voltage drop of the Active Diode (Q$) the capacitor (C$) across the voltage is 
1.6V as shown in Figure (5.d). 

 
3.2 DC-DC voltage multiplier based on Active Diode: 

Proposed dc-dc voltage multiplier based on active diode and capacitors is shown in Figure6. It comprises of 
Active Diodes (Q5-Q8) and Capacitors (C5&C6). In this dc-dc voltage multiplier module, NMOS type Active 
Diode is used for step up function.In dc-dc voltage multiplier based on active diode topology, when a 2V dc 
input voltage is applied, an output dc voltage with a magnitude close to 3.2V is achieved if the Active Diodes 
with 0.2 V (typical for NMOS) forward voltage drop are used. Thus, in the proposed system, total voltage drop 
of only 0.8 V is observed on all the four Active Diodes. The efficiency (80%) is also expected to be high 
because of the minor losses associated with the Active Diode voltage drops compared to conventional boost 
topology. 

 

                                
 
Fig. 6: DC-DC voltage multiplier based on Active Diode 

(a)  
(b) 

Fig. 7: Operation of dc-dc voltage multiplier 
 
In this mode of operation, Active Diodes (#,) and (#-) are in conduction state, and the capacitor voltage 

(C,) increases. The voltage across the capacitor (C,) is 1.6V as the forward voltage drop of the Active Diodes 
(#,) and (#-)isonly 0.4V as shown in Figure (7.a). Similarly, in the charging mode of capacitor (C-), Active 
Diodes (#.) and (#/) are in conductionstate, wherein the supply voltage V0� and capacitor (C,) acts as series 
sources through which the voltage will be added and added energy is transferred to capacitor (C-). Now, the 
capacitor (C-) voltage increases through the Active Diodes (#.) and (#/).The voltage across the capacitor (C-) 
is observed to be 3.2V because the forward voltage drop of the Active Diodes (#.) and (#/)is 0.4V as shown in 
Figure (7.b). 
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RESULT AND DISCUSSION 
 

 

 

 
Fig. 8: Waveforms of Supply Voltage, Output Voltage and Supply Currentofac-dcvoltage multiplier using 

Diodes 
 
The behavior of the proposed hybrid ac-dcvoltage multiplier using Diodes and capacitors at rated condition 

is shown in Figure8. The results initially showin which the input voltage to the diode is 1V. For 1V input 
thetotal voltage drop across the four diodes are 3.2 V and hence the voltage gain across the diode �456 − 2 is 
0.8V. The efficiency (20%) is also expected to be low because of the large losses associated with the diode 
voltage drops. The output current across the diode 7456 − 2 is about 0.2 milliamps. 

 

 

 

 
 
Fig. 9: Waveforms of Supply Voltage, Output Voltage and Supply Current the hybrid ac-dc voltage multiplier 

using Active Diodes 
 
A proposed hybrid ac-dc& dc-dc voltage multiplier using Active Diodes comprises of Active Diodes (Q1-

Q8), Capacitors (C1-C6). This proposed system is an effective hybrid model for two different micro generators 
with different power supplies (ac and dc) shown great impact in replacing conventional diodes. Figure 9 shows 
the response of ac-dc voltage multiplier using Active Diodes and capacitors.The results show the first and 
second half Positive and Negative cycle based on Active Diode in which the input voltage to the diode is 1V. 
For 1-V input amplitude, the voltage gain is 3.2V according to simulations, with a total voltage drop of only 0.2 
V on the Active Diodes. The efficiency (80%) is also expected to be high because of the minor losses associated 
with the Active Diode voltage drops. The output current across the Active Diode I9:; − M  is about 1.2 
milliamps. The corresponding supply voltage, output voltage of the Active Diode and current waveforms is 
shown in Figure 9. 
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Figure 10 clearly observed from the figure that, the current response and the voltage response across the 
four Active diodes and capacitors of the proposed approach. For the input voltage ���=1V, the current conducts 
at two stages in which the 7#$ and 7#�  conducts on the negative cycle of the ��� , whereas, the   7#& and 
7#�conducts on the positive cycle of the ���. Hence the total output current 7456 − = is about 1.2 millions. 

  

 
Fig. 10: Current and the voltage response across the Active diodes and capacitors  

 
Figure11 shows response of dc-dc voltage multiplier using Active Diodes and capacitors. The input voltage 

of dc-dc voltage multiplier �>� = 2�is shown in the Figure 11(a). Then the voltage across the capacitor (C,) is 
1.6V as the forward voltage drop of the Active Diodes is only 0.4V as shown in Figure 11(b). In such cases, 
when a 2V dc input voltage is applied, an output dc voltage with a magnitude close to 3.2V is achieved if the 
Active Diodes with 0.2 V forward voltage drop are used is shown in the Figure 11(c). The output current across 
the diode 7456 − ?@ is about 1.2 milliampsis shown in the Figure 11(d). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 11: Waveforms of dc-dc voltage multiplier using Active Diodes and capacitors 
 
Figure 12 clearly shows that, for the input voltage �>�=2V , the current conductance across the four diodes 

7#,, 7#-, 7#. and 7#/ is shown in the figure. The corresponding conduction of the active diodes is shown in the 
figure. Hence the total output current 7456 − ?@ is about 1.2 millions.  



279S.Rathinamala and Dr.S.Manoharan., 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 272-280 

 

 
Fig. 12: Current and Voltage response Waveform across the four Active diodes  

 
Figure 13 shows output voltage and current response of the hybrid model of both the ac-dc& dc-dc voltage 

multiplier using Active Diodes and capacitors. This hybridization system is a series combination of two voltage 
multiplier modules (ac-dc & dc-dc). Hence the proposed approach, a 1V ac and 2V dc input voltage is applied, 
an output dc voltage with a magnitude close to 6.4V is achieved (i.e) the sum of output voltage attain by the first 
half of the voltage multiplier and the second half of the voltage multiplier (3.2V+3.2V=6.4 V). The total output 
current obtained by the proposed approach 7456 proposed is about 1.2 millions. 

 

 

 
 
Fig. 13: Voltage and Current response of the proposed Topology 

 
Conclusion: 

This paper explores the combined utilization of active diodesand voltage multipliers. The steady-state 
behaviour of the proposed hybrid ac-dc & dc-dc voltage multiplier using Active Diodes and capacitors has been 
analyzed at rated condition.  It is observed from the results that, the proposed hybridcircuit successfully rectifies 
and boosts an ac voltage as low as 0.3V. For a proposed ac-dc voltage multiplier circuit, Over 4× voltage gain 
and>80% efficiency are achieved with1V ac input voltage. Similarly, for the dc-dc voltage multiplier circuit, a 
voltage of 3.2 V is achieved for a 2 V dc input voltage. Thus, an overall 6.4 V boost up has been achieved 
through this hybrid micro generator. The proposed hybrid energy harvester achieves a much higher overall 
efficiency with lower inputvoltage limit when compared with conventional energy harvester. 
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