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Abstract. This paper analyzes the principles of the π-type rectifier filter circuit and conducts 
simulations on both the π-type LC rectifier filter circuit and the π-type RC rectifier filter circuits 
respectively, compares the π-type LC rectifier filter circuit with the π-type RC rectifier filter circuit, 
analyzes the working principle and performance characteristics of the π-type rectifier filter circuit, and 
deeply understands the circuit's working mechanism and the overall performance; Through the 
simulated evaluation of the circuit, key parameters are improved, such as the size selection of 
capacitors and inductors, and the type of rectifier tubes, in order to optimize the performance of the 
circuit. 
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1. Introduction 

In recent years, with the rapid development of electronic technology, the demand for π-type 

rectifier filter circuits has been increasing. However, existing studies still have some limitations in 

terms of circuit design, filtering effect and efficiency. Due to limitations in circuit design and issues 

with power supply noise, problems such as low efficiency and poor filtering effects may arise. In 

order to solve the above problems, in this paper, the in-depth analysis and design of π-type rectifier 

filter circuits are used to effectively improve the performance and reliability of the circuits and to 

meet the demand for high efficiency and miniaturization in modern electronic systems. 

In the second section of this paper, the principle of the rectifier filter circuit is mainly analyzed. 

The working principle and performance analysis of π-type RC and π-type LC filter circuits are also 

analyzed. Sections III and IV simulate and experimentally verify the π-type RC and π-type LC 

rectifier filter circuits respectively, to evaluate and improve the filtering effect of the circuits. The 

effects of key parameters in the circuit design on the circuit, such as the selection of the size of 

capacitors and inductors, are also investigated to optimize the performance of the circuit. Section V 

evaluates the advantages and disadvantages of the π-type RC and π-type LC rectifier filter circuits by 

comparing them and analyzing their performance differences as well as their respective applicability. 

Section VI presents the optimized design and proposes the main parameters affecting the π-type RC 

and π-type LC rectifier filter circuits. Finally, a summary and outlook are given to explain the 

significance of the research results. 

2. Principles of Rectifier Filter Circuits 

2.1 Circuit Components of Bridge Rectifier 

The core function of a rectifier circuit is to convert alternating current (AC) to direct current (DC). 

Many electronic devices require a stable DC power supply to function properly, so rectifier circuits 

are needed to provide a stable DC power supply. Common types include single-phase half-wave 

rectifier circuits, full-wave rectifier circuits, and bridge rectifier circuits [1]. Since the bridge rectifier 

circuit allows current to flow towards the load during each half-cycle, resulting in low power loss, 

this paper adopts the bridge rectification method, as shown in Fig. 1. 
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Fig. 1 Bridge Rectifier Circuit Diagram 

When 𝑈2 > 0 D1,D3 turn on, D2,D4 cut off, the current path is:𝐴 → 𝐷1 → 𝑅𝐿 → 𝐷3 → 𝐵 

When 𝑈2 < 0 D2,D4 turn on, D1,D3 cut off, the current path is:𝐵 → 𝐷2 → 𝑅𝐿 → 𝐷4 → 𝐴 

The bridge rectifier circuit utilizes the principle of unidirectional conductivity of diodes, enabling 

the secondary output to be directed towards the load even during the negative half-cycle. The bridge 

rectifier circuit output voltage is high and the maximum reverse voltage borne by the tube is low. At 

the same time, because the power transformer has a current supply load in the positive and negative 

half cycles, the power transformer is fully utilized and the efficiency is high [2]. Due to the two diodes 

of the bridge rectifier circuit work alternately, the output current is relatively smooth and there is no 

sudden change in current during half-wave rectification. 

2.2 π-Type RC Filter Circuit 

As the output voltage of the rectifier circuit contains a large pulsating component, a filter circuit 

can be used to suppress the pulsating component so that the output voltage is close to the ideal DC. 

The filter circuits are usually connected to the output of the rectifier, utilizing the energy storage 

function of capacitors or inductors to achieve the filtering effect. 

The π-shaped RC filter circuit is cost-effective and has a simple structure. It is a composite type 

of filter circuit, mainly composed of filtering resistance and filtering capacitance. The capacitance of 

the filter capacitor in the first stage is larger, while that in the second stage is smaller. 

 
Fig. 2 Schematic Diagram of RC Filter Circuit 

As shown in Fig. 2, C1 and C2 are filter capacitors and R1 is a filter resistor. C1, R1 and C2 form 

a section of a π-shaped RC filter circuit. The voltage output from the rectifier circuit is filtered after 

most of the AC components are removed by capacitor C1. The filtered voltage is then applied to the 

filtering circuit composed of R1 and C2, where capacitor C2 further filters the AC components, 

directing the remaining small amount of AC current into the ground. 

In the circuit, increasing the capacity of the first section of the filter capacitor C1 can improve the 

filtering effect. However, C1 should not be too large, otherwise it may lead to excessive charging 

current, thereby damaging the rectifier diodes. The π-shaped RC filter circuit allows for a smaller 

capacitance of C1, further improving the filtering effect through R1 and C2. There are two DC voltage 

output terminals in this filter circuit, Uo1 and Uo2. Uo1 is filtered only by the capacitor C1, and its 

voltage is higher, which can be directly applied to power amplifier circuits or to circuits requiring the 

highest DC working voltage and the largest working current [4]; Uo2 is filtered through the circuit of 

C1, R1 and C2, so it has a better filtering effect, with fewer AC components and a slightly lower DC 

output voltage. 

When the resistance value of R1 remains constant, increasing the capacitance of the filter capacitor 

C2 reduces its capacitive reactance, which results in a greater voltage division attenuation of the AC 
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components and thus enhances the filtering effect. When the capacitance of C2 remains unchanged, 

increasing the resistance value of R1 increases the voltage division attenuation of the AC components, 

resulting in better filtering performance. But the resistance of the filter resistor R1 cannot be too large, 

otherwise the voltage drop across R1 becomes larger, resulting in a lower DC output voltage Uo2 

from the filter circuit. 

2.3 π-Type LC Filter Circuit 

In the π-shaped LC filter circuit, C1 and C2 are filter capacitors, L1 is a filter inductor, and L1 

replaces the filter resistor in the π-shaped RC filter circuit, whose operating principle is basically 

similar to that of the π-shaped RC filter circuit. 

 
Fig. 3 Schematic Diagram of LC Filter Circuit 

As shown in Fig. 3, the LC filter circuit has two DC operating voltage outputs, respectively 

outputting DC operating voltages Uo1 and Uo2. Uo2 passes through a filter inductor thus its AC 

components are far fewer than those of Uo1. 

The voltage filtered through C1 is applied to the filter circuits of L1 and C2. Since the DC 

resistance of the inductor L1 is very small, the DC voltage drop generated on L1 when the DC current 

flows through L1 is very small. This performance is better than the filter resistance, and its DC output 

voltage Uo1 is basically equal to Uo2, which is unique to the π-shaped LC filter circuit. Because the 

strong inductance of the inductor L1 and the capacitive reactance of the capacitor C2 constitute a 

voltage-dividing attenuation circuit, it has a great attenuation effect on the AC component and 

achieves the purpose of filtering. 

In the π-shaped LC filter circuit, the larger the inductance of the filter inductor L1, the larger its 

inductive resistance and the better the filtering effect. However, since the cost of filter inductor L1 is 

much higher than the cost of filter resistor, the application of π-shaped LC filter circuit in power 

supply circuit is not much. It is worth mentioning that in the practical power supply filter circuit, after 

the π-shaped LC filter circuit can also be connected to the π-shaped RC filter circuit. 

3. π-Type RC Rectifier Filter Circuit Simulation 

In this paper, the circuit simulation of π-type rectifier filter circuit is carried out using Multisim 

software. Resistor, AC signal source, diode, transformer, virtual oscilloscope, capacitor, and switch 

are selected from Multisim component library to form the simulated circuit as shown in Fig. 4. 

 
Fig. 4 π-Type RC Rectifier Filter Simulation Circuit 
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Set the parameters of each component in the circuit to: C1=1μF, C2=1μF, R1=100kΩ, R2=10kΩ, 

and use an oscilloscope to display the output voltage signal in real time. The oscilloscope has two 

channels that can be used to display the waveforms of two state variables. In the oscilloscope settings, 

the time range is set to 10ms, and the scale for both channel A and channel B is set to 10V/Div. After 

changing the parameters of the filter circuit to R1=1kΩ and C1=C2=1uF, the output waveform is 

observed with an oscilloscope as shown in Figure 5. 

 
Fig. 5 Output Waveform of Rectifier Filter with R1=1kΩ 

When the resistance of R1 is increased and the capacitance value is kept constant, the output 

voltage waveform amplitude can be observed from the oscilloscope, the output voltage becomes 

lower, and the filtering effect is enhanced, as shown in Figures 6 and 7. And three sets of data were 

recorded as shown in Table 1. 

 
Fig. 6 Output Waveform of Rectifier Filter with R1=10kΩ 

 
Fig. 7 Output Waveform of Rectifier Filter with R1=100kΩ 

Table 1 Variation of each Parameter in the Circuit with R1 

R1 Uo C1 C2 

1kΩ 1.9V 1uF 1uF 

10kΩ 30.6mV 1uF 1uF 

100kΩ 10.9mV 1uF 1uF 
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This is because the C2 capacity size is unchanged, increasing the resistance value of R1, the 

voltage divider attenuation circuit on the AC component attenuation increases, the filtering effect is 

better. The larger the voltage drop on R1, the lower the DC output voltage Uo of the filter circuit 

output. 

Disconnect the switch S1 to simulate the case of capacitor C1 being disconnected, the output 

waveform observed on the oscilloscope is as shown in Fig. 8. The filtering performance of the whole 

π-shaped RC filter circuit deteriorates, and the DC output voltage Uo2 contains a large number of AC 

components. 

 
Fig. 8 Output Waveform when Switch S1 is Disconnected 

4. Simulation of π-Type LC Rectifier Filter Circuit 

Replace the resistor R1 in the π-shaped rectifier filter circuit with a 10H inductor, while keeping 

all other components and their parameters unchanged. The simulated circuit diagram is shown in Fig. 

9. 

 
Fig. 9 π-Type LC Rectifier Filter Simulation Circuit 

After changing the parameters of the filter circuit to L1=10H and C1=C2=1uF, the real-time 

display of the output voltage signal is still carried out through the oscilloscope. The time range is 

10ms, and the scales of both channel A and channel B are set to 10V/Div. The output waveform of 

the circuit can be observed as shown in Fig. 10. 

 
Fig. 10 Output Waveform of Rectifier Filter at L1=10H 
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By keeping the capacitance value constant and increasing the value of inductor L1, it can be 

observed on the oscilloscope that the amplitude of the output voltage waveform decreases, the output 

voltage is reduced, and the filtering effect is enhanced, as shown in Fig. 11 and Fig. 12. And three 

sets of data were recorded as shown in Table 2. 

 
Fig. 11 Output Waveform of Rectifier Filter at L1=50H 

 
Fig. 12 Output Waveform of Rectifier Filter at L1=100H 

Table 2 Variation of each Parameter in the Circuit with L1 

L1 Uo C1 C2 

10H 7.518V 1uF 1uF 

50H 3.576V 1uF 1uF 

100H 2.228V 1uF 1uF 

This occurs because when the capacitance of C2 remains unchanged, increasing the value of 

inductor L1 enhances the attenuation of the AC component, leading to better filtering performance 

and a lower DC output voltage Uo from the filter circuit. 

Disconnect the switch S1 to simulate the case of capacitor C1 being disconnected, and observe the 

oscilloscope output waveform as shown in Fig. 13. The filtering performance of the whole π-shaped 

RC filter circuit deteriorates, and the DC output voltage Uo2 contains a large number of AC 

components. 

 
Fig. 13 Output Waveform when Switch S1 is Disconnected 
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5. Comparative Study 

Both the π-type RC filter circuit and the π-type LC filter circuit use a load resistor connected to 

both ends of a π-type network. They can achieve good filtering effects with relatively small 

capacitance. 

Keeping all other conditions constant, when the frequency of the AC power supply is reduced to 

10Hz, and observing the filtering effects of the π-type RC filter circuit and the π-type LC filter circuit, 

it can be noted that the filtering effect of the π-type LC filter circuit significantly decreases, as 

observed through the oscilloscope. as shown in Fig. 14. 

 
Fig. 14 Output Waveform of π-Type LC Filter Circuit at Low Frequency 

This is because the impedance of the LC circuit changes more significantly for signals of different 

frequencies [3]. The π-type RC filter circuit still maintains excellent filtering performance under low-

frequency conditions, as shown in Fig. 15. 

 
Fig. 15 Output Waveform of π-Type RC Filter Circuit at Low Frequency 

Hence, for low-frequency circuits, it is advisable to opt for a π-type RC filter circuit and avoid 

choosing a π-type LC filter circuit, as the filtering performance may be substantially compromised 

otherwise. 

In a π-type LC filter circuit, the DC resistance of the inductor L1 is very small, resulting in minimal 

losses, making it suitable for use as a filter in high-current circuits. The π-type RC filter circuit is not 

suitable for filtering as a high-current circuit due to its resistance and large loss. It can be applied to 

audio amplifiers, sensors and other electronic devices. 

There are some other differences between π-type RC filter circuits and π-type LC filter circuits, 

such as the inductive element in LC circuits can cause a phase delay in the signal, while the capacitive 

element in the RC circuits can cause the signal to lead in phase; LC circuits are usually more stable 

than RC circuits due to the introduction of the inductive element, as the inductor reacts slower to the 

change in current and thus resists the high-frequency noise better; The existence of inductance in the 

LC circuit may cause the saturation of the circuit, especially when the inductance current changes 

rapidly, which will not occur in the RC circuit. 
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6. Design Optimization 

When designing a π-type RC rectifier filter circuit, it is very important to adjust the resistance of 

R1 in the filter circuit. Increasing the resistance of R1, strengthen the filtering effect. However, the 

resistance value of the filter resistance R1 cannot be too large; Secondly, the capacitance and voltage 

rating of the capacitor are also the key parameters of the design circuit [5]. In the actual design of the 

circuit, in order to improve the response speed of the circuit, a smaller capacitance can be selected. 

To reduce high-frequency noise, a capacitor with a larger capacitance can be connected in parallel. 

In designing a π-type LC filter circuit, the selection of the inductance value is a factor to be 

considered. The larger the inductance value, the better the filtering effect, but if the inductance value 

is too large it will increase the delay of the rectifier filter circuit; Secondly, it is necessary to choose 

the appropriate capacitance value to achieve the desired cutoff frequency, the smaller the capacitance 

value, and the higher the cutoff frequency; In addition, the layout of the inductance and capacitance 

should be as close as possible to the input and output, or it may generate electromagnetic interference 

and damage other components in the circuit.  

7. Summary and Outlook 

This paper investigates and analyzes the working principles and performance characteristics of π-

type rectifier filter circuits. It employs the Multisim simulation software to perform individual 

simulation analyses on both the π-type RC rectifier filter circuit and the π-type LC rectifier filter 

circuit, and selects suitable components and parameters to validate the functionality of the circuits. 

Finally, a comparison was made between the π-type LC rectifier filter circuit and the π-type RC 

rectifier filter circuit to better understand their performance differences and suitability for various 

applications.  

Despite the simplicity and wide application of π-type rectifier filter circuits, there are still some 

difficulties and challenges in the design and application process. Measures such as shielding and 

differential layout can be taken to reduce noise interference and electromagnetic interference. Heat 

dissipation materials and structures, such as heat sinks, heat dissipation tubes or liquid cooling 

systems, can be used to improve thermal conductivity. 
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