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This configuration is fundamental in power electronics for controlling AC power flow
effectively and efficiently. By connecting two thyristors in inverse-parallel, engineers can
harness their switching capabilities to regulate, rectify, or control the flow of power in
single-phase AC circuits. This arrangement is particularly useful in applications such as
controlled rectifiers, AC voltage regulators, phase control circuits, and synchronized
switching systems. Understanding how this configuration works, its advantages, limitations,
and practical applications is essential for designing reliable and efficient power control
systems.

Understanding Thyristors and Their Role in Power
Control

Before delving into the inverse-parallel connection, it is crucial to understand what
thyristors are and their significance in power electronics.

What Is a Thyristor?

A thyristor is a four-layer, three-terminal semiconductor device that functions as a switch,
allowing current to flow when it is triggered into conduction. Once turned on, it remains
conducting until the current drops below a certain holding level. Thyristors are capable of
handling high voltages and currents, making them suitable for power switching
applications.

Key Characteristics of Thyristors

- Latching behavior: Once triggered, they stay on until the current is interrupted.

- High voltage and current ratings: Suitable for high-power applications.

- Gate control: They are triggered into conduction via a gate terminal.

- AC and DC applications: They can control both AC and DC power, with modifications.

Inverse-Parallel Connection of Two Thyristors

The inverse-parallel configuration involves connecting two thyristors in such a way that
their anodes and cathodes are connected in reverse polarity. This arrangement allows the
circuit to conduct current in both directions, controlled by the gate signals.



Configuration and Circuit Diagram

In the inverse-parallel setup:

- Thyristor T1's anode is connected to the positive terminal, and its cathode to the load.
- Thyristor T2's cathode is connected to the positive terminal, and its anode to the load.
- The gates of T1 and T2 are controlled independently.

This setup creates a bidirectional switch capable of controlling AC power flow.

Operation Principle

- During the positive half-cycle of the AC supply, T1 is triggered ON, allowing current to flow
through the load.

- During the negative half-cycle, T2 is triggered ON, permitting current flow in the opposite
direction.

- Only one thyristor conducts at a time, preventing short circuits.

- By controlling the triggering angles of T1 and T2, the amount of power delivered to the
load can be regulated.

Controlling Power Flow Using Inverse-Parallel
Thyristors

The primary advantage of this configuration is precise control over AC power flow, achieved
by phase control techniques.

Phase Control Method

This method involves delaying the trigger point of the thyristors relative to the AC supply
waveform. By adjusting the firing angle, the effective voltage and power delivered to the
load can be controlled.

- Firing angle (a): The angle at which the thyristor is triggered within each half-cycle.
- Conduction angle: The duration in each half-cycle during which the thyristor conducts.

By varying a from 0° to 180°, the power delivered to the load can be continuously
controlled.

Triggering the Thyristors

- In the positive half-cycle, T1 is triggered at angle a.
- In the negative half-cycle, T2 is triggered at angle a.
- Proper gate control circuitry ensures synchronized firing.



Applications of Inverse-Parallel Thyristor
Configuration

This configuration is widely used in various industrial and electronic applications.

Controlled Rectifiers

- Converts AC to controlled DC power.
- Used in motor drives, battery chargers, and power supplies.

AC Voltage Regulators

- Regulates AC voltage levels by adjusting the firing angle.
- Maintains consistent voltage output despite input fluctuations.

Phase Controlled Converters

- Used in high-power applications requiring bidirectional power flow control.
- Examples include AC motor control systems.

Light Dimmers and Heating Control

- Adjusts the power delivered to lighting or heating elements by phase control.

Advantages of Using Two Thyristors Inverse-
parallel

- Bidirectional control: Capable of handling AC in both directions.

- High efficiency: Minimal power loss during conduction.

- Fast switching: Rapid response to control signals.

- High voltage and current ratings: Suitable for industrial applications.

Limitations and Considerations

Despite its advantages, the inverse-parallel thyristor setup has some limitations.

Snubber Circuits Required

- To protect the thyristors from voltage spikes caused by switching transients, snubber
circuits are necessary.



Triggering Complexity

- Precise control circuitry is needed to trigger the thyristors at the correct phases.
- Overlap or misfiring can lead to short circuits or device damage.

Conduction Losses

- Power dissipation occurs during conduction, which needs to be managed in high-power
applications.

Limited Control in Zero-crossing

- Controlling power at or near the zero crossing can be challenging, affecting the
smoothness of regulation.

Practical Considerations for Implementation

When designing a circuit with two thyristors in inverse-parallel, several factors must be
considered to ensure reliable operation.

Gate Triggering Circuits

- Should provide precise phase control signals.
- Must be synchronized with the AC supply.

Protection Devices

- Snubber circuits, varistors, and filters prevent voltage spikes and transients.

Thermal Management

- Adequate heat sinking is essential due to power dissipation.

Synchronization and Timing

- Ensuring that only one thyristor conducts at a time prevents short circuits.

Summary

Connecting two thyristors in inverse-parallel provides an effective means of controlling AC
power flow in single-phase circuits. This configuration leverages the bidirectional switching
capability of thyristors, enabling phase control and regulation of power delivered to loads.
By adjusting the firing angles, engineers can modulate the amount of energy supplied,



making it suitable for applications ranging from motor control to voltage regulation. While
the setup offers many advantages, careful consideration must be given to circuit
protection, triggering, and thermal management to ensure safe and reliable operation.

Conclusion

The inverse-parallel connection of two thyristors remains a cornerstone technique in power
electronics, enabling efficient and precise control of AC power flow. Its versatility and high
power handling capacity make it ideal for a broad spectrum of industrial and electronic
applications. With advancements in semiconductor devices and control circuitry, the use of
thyristor-based phase control continues to evolve, promising even greater efficiency and
functionality in future power management systems. Understanding this configuration is
essential for engineers and technicians involved in designing, implementing, and
maintaining modern power control solutions.

Frequently Asked Questions

What is the primary purpose of connecting two
thyristors in inverse-parallel configuration in single-
phase AC power control?

The primary purpose is to allow bi-directional control of power flow, enabling the thyristors
to conduct during both positive and negative half-cycles of the AC waveform, thereby
controlling the power delivered to the load.

How does the inverse-parallel connection of thyristors
affect the triggering and firing sequence in AC power
control?

In an inverse-parallel configuration, each thyristor is triggered during its respective half-
cycle—one during positive and the other during negative—allowing continuous control over
both half-cycles and ensuring seamless power regulation.

What are the advantages of using two thyristors
connected in inverse-parallel for AC power control
applications?

This configuration provides bidirectional control, reduces switching losses, improves
conduction characteristics, and allows precise regulation of power flow in AC loads.

What safety considerations should be taken into



account when designing circuits with inverse-parallel
thyristors?

Designers should ensure proper gate triggering circuits, include snubber circuits to handle
voltage transients, and implement protection against overcurrent and overvoltage
conditions to prevent device damage.

Can the inverse-parallel thyristor configuration be used
for controlling three-phase AC power, and if so, how?

Yes, similar principles are applied in three-phase systems using back-to-back thyristor
arrangements or phase-controlled rectifiers, but the configuration is more complex,
requiring careful synchronization for effective power control.

Additional Resources

Two Thyristors Are Connected In Inverse-parallel For Control Of The Power Flow From A
Single-phase A.c.

The configuration of two thyristors connected in inverse-parallel is a fundamental circuit in
power electronics, especially for controlling the flow of power in single-phase AC systems.
This arrangement allows for bidirectional control, enabling both positive and negative half
cycles of the AC waveform to be managed effectively. Understanding this setup is crucial
for engineers designing controlled rectifiers, AC voltage regulators, and phase-controlled
converters. This article provides an in-depth exploration of the inverse-parallel thyristor
configuration, its working principles, applications, advantages, disadvantages, and key
features.

Introduction to Thyristor Inverse-Parallel
Connection

Thyristors are solid-state semiconductor devices capable of acting as electronic switches
that can handle high voltages and currents. When two thyristors are connected in inverse-
parallel, they form a bidirectional switch that can conduct current in either direction
depending on the triggering signals. This configuration is particularly useful in controlling
AC power because it allows for precise control of each half cycle of the AC waveform,
enabling functions such as phase control, voltage regulation, and controlled rectification.

Definition:

Inverse-parallel connection of two thyristors involves placing them in parallel but with
opposite polarities. One thyristor conducts during positive half cycles, while the other
conducts during negative half cycles, enabling full-cycle control over AC power flow.



Working Principle of Inverse-Parallel Thyristors

Operation During Positive Half Cycle

During the positive half cycle of the AC supply, the thyristor oriented to conduct in the
positive direction is triggered (fired). Once triggered, it remains on as long as the current
exceeds the holding current. The other thyristor, oriented oppositely, remains off during
this period. The conduction allows current to pass through the load in the positive direction.

Operation During Negative Half Cycle

In the negative half cycle, the reverse thyristor is triggered, conducting in the negative
direction. The first thyristor remains off during this time. The two thyristors effectively
switch roles, conducting during their respective half cycles, thus allowing bidirectional
control.

Key Features of Operation

- The circuit enables control of both half cycles of AC using a single control scheme.

- The triggering of each thyristor is synchronized with the desired point in each half cycle,
providing phase control.

- When the thyristors are triggered appropriately, the power delivered to the load can be
varied from zero up to the maximum of the supply voltage.

Applications of Inverse-Parallel Thyristor
Configuration

This configuration finds widespread application in various power control systems:

1. Controlled Rectifiers

Used for converting AC to DC with adjustable output voltage, especially in motor drives and
power supplies.

2. AC Voltage Regulators

Allows for controlling the RMS voltage supplied to a load by phase control, useful in lighting
dimmers, heaters, and motor speed controllers.



3. Phase-Controlled Converters

Enables conversion of AC to controlled DC or controlled AC, suitable for applications
requiring variable frequency or voltage.

4. Power Factor Correction Devices

Helps in adjusting power factor by controlling the phase angle of the current with respect to
voltage.

Advantages of Using Two Thyristors In Inverse-
Parallel Connection

- Bidirectional Control: Enables power flow control during both positive and negative half
cycles of AC supply, providing comprehensive control over the power delivered to the load.
- High Efficiency: Thyristors are capable of handling high voltages and currents with
minimal losses when properly triggered.

- Simple Triggering Scheme: Both thyristors can be triggered using a single control circuit,
simplifying circuit design.

- Fast Switching: Thyristors switch on and off rapidly, allowing for precise phase control.

- Cost-Effective: Compared to other bidirectional switches like TRIACs, thyristors can be
more robust and cost-effective in high-power applications.

Disadvantages and Limitations

While the inverse-parallel thyristor configuration has notable benefits, it also exhibits
certain limitations:

- Unidirectional Conduction of Thyristors: Each thyristor conducts only in one direction;
thus, both are necessary for bidirectional control, adding complexity.

- Triggering Challenges: Precise triggering is essential; improper control can lead to
harmonic distortion and inefficient operation.

- Stored Charge Effect: Thyristors have a reverse recovery time, during which they are
temporarily non-conductive after switching off, causing switching losses.

- Limited Control in Very Fast Switching Applications: Compared to modern devices like
IGBTs or MOSFETSs, thyristors are slower and less suitable for high-frequency switching.

- Potential for Harmonics: Phase control using thyristors introduces harmonic currents into
the supply, which may require filtering.



Features and Characteristics of the Inverse-
Parallel Thyristor Circuit

- Bidirectional Control: The primary feature enabling power flow control in both directions.

- Phase Control Capability: The firing angle determines the amount of power delivered,
enabling variable control.

- High Voltage and Current Ratings: Suitable for industrial applications involving high power.
- Harmonic Generation: Due to phase control, harmonic distortion may be introduced,
necessitating filtering solutions.

- Protection Requirements: Overvoltage, overcurrent, and snubber circuits are essential to
protect thyristors from transient conditions.

Design Considerations and Practical Aspects

When designing circuits with inverse-parallel thyristors, several factors are essential to
ensure reliable operation:

- Triggering Circuit Design: Must provide synchronized firing signals, often using phase-
locked loops or pulse generators.

- Snubber Circuits: To protect against voltage transients and dv/dt effects, snubber
networks are necessary.

- Thermal Management: Thyristors generate heat during conduction; adequate heat sinking
and cooling are critical.

- Harmonic Filtering: To minimize supply disturbances, filters such as LC or RC filters are
employed.

- Component Ratings: Ensure thyristors and auxiliary components are rated appropriately
for voltage, current, and power levels.

Conclusion

The connection of two thyristors in inverse-parallel is a versatile and effective method for
controlling power flow in single-phase AC systems. Its ability to manage both half cycles of
the AC waveform makes it ideal for applications requiring bidirectional control, such as
controlled rectifiers and AC regulators. Despite some limitations, including harmonic
generation and switching losses, the advantages of simplicity, efficiency, and cost-
effectiveness make this configuration a staple in power electronics. Advances in
semiconductor technology continue to improve the performance of such circuits, but
fundamental principles remain relevant. Proper design, triggering, and protection are
essential to harness the full potential of the inverse-parallel thyristor arrangement in
modern electrical systems.



In summary:

- The inverse-parallel thyristor configuration provides bidirectional control of AC power.

- It enables phase control by triggering each thyristor at desired points in their respective
half cycles.

- Applications include controlled rectifiers, AC voltage regulators, and power factor
correction devices.

- Key features include high power handling, fast switching, and cost efficiency.

- Challenges involve harmonic distortion, triggering complexity, and switching losses.

- Proper circuit design and component ratings are critical for optimal operation.

This configuration remains a fundamental concept in power electronics, underpinning many
modern electrical control systems.
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