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Abstract

The utilization of DC interconnection in power systems is becoming increasingly prevalent for
various reasons, such as the potential for significant savings in power conversion stages and
the ease of interconnecting inherently DC-natured components, such as solar panels, fuel cells,
and batteries. DC power systems have become the norm for ship propulsion systems, building
electrification, aircraft powersystems, electric vehicles, and many other applications. While the
power conversion components in these systems are well-known and well-defined, considerable
research is still being conducted into the circuit breakers. The primary challenge in breaking a
DC circuit is that there is no zero crossing in the current, thus creating a sustained arc that can
potentially damage the switch or cause a fire. One solution is to usean oversized AC breaker for
the DC application. Other solutions involve hybrid breakers (with a main-pathmechanical
contactor and auxiliary solid-state components). Another option is the fully solid-state circuit
breaker (SSCB). Although the on-state loss is usually higher than that of a mechanical contactor,
the SSCB has the advantages of a very rapid response and more controllability. Within the SSCB
category, there are a number of variations. The basic design switches off the main-path current
and transfers the energy to ametal-oxide varistor (MOV). Other variations involve power
converter elements acting as breakers. This version of the SSCB has the benefit of highly
controllable behavior. The Z-source circuit breaker is a unique type of SSCB based on the
fundamental Z-source LC circuits. Its fundamental operating principle is that a rapid fault at the
breaker terminal with an increasing current will result in a decrease in the current of the main
path semiconductor. If this semiconductor is a silicon-controlled rectifier (SCR), the device will
be automatically shut off when the Z-source circuit forces the device current to reach zero.
Consequently, the Z-source breaker is different from other SSCBs in that it automatically
deactivates the current path inresponse to a fault without requiring detection circuitry and
technique. Additionally, the Z-source breaker has the benefit of a rapid turn-off due to its solid-
state operation, which is usually in the microsecond range. Yet another advantage is the
independent operation of multiple breakers in a DC microgrid. Whether the Z-source breakers
are connected in a shunt configuration or series (downstream), only the breaker nearest the
fault will be disengaged. This tutorial will first review the fundamental Z-source circuits
introduced approximately 15 years ago. This includes the coupled inductor Z-source circuits and
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utilization of the circuits in the Z-source inverter. Subsequently, the fundamental Z-source
breaker idea will be described, followed by a number of variations on the Z-source breaker,
including bi-directional topologies. Finally, incorporating the Z-source breaker within DC-DC
power converters will be presented.Select examples of Z-source breakers will be utilized
throughout the tutorial to illustrate various practical concepts, with simulations of these examples
being made available to the tutorial participants.
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