What is Inrush Current?
When switching power supplies are first turned on, they present high initial currents as a
result of filter capacitor impedance. These large filter capacitors act like a short circuit,
producing an immediate inrush surge current with a fast rise time. The peak inrush
current is several orders of magnitude greater than the circuit's steady state current. This
power surge can seriously damage other components (such as welding switch contacts)
or lead to blown fuses or tripped breakers.
Passive or Active Protection for Inrush Current?
There are several component options for inrush current limiting. The two most common
alternatives are the use of NTC (Negative Temperature Coefficient) thermistors (Surge
Limiters) or various forms of active circuits. However, the most appropriate inrush
current suppression technique for a particular application depends on component pricing
issues, the equipment's power level, and the frequency at which the equipment is likely
to be exposed to inrush currents.
No single component solution can be best for every application. Each approach has its
own advantages and disadvantages.
What is an Inrush Current Limiting Thermistor (Surge Limiter)?
NTC thermistors (Surge Limiters) are among the most common design options used in
switching power supplies to prevent damage caused by inrush current surges. A
thermistor is a thermally-sensitive resistor with a resistance that changes significantly
and predictably as a result of temperature changes. The resistance of a Surge Limiting
thermistor decreases as its temperature increases.
As the Surge Limiter self-heats, the current begins to flow through it. Its resistance
begins to drop and a relatively small current flow charges the capacitors in the power
supply. After the capacitors in the power supply become charged, the self heated Surge
Limiter offers little resistance in the circuit. So low that the voltage drop is an insignificant
factor with respect to the total voltage drop of the circuit.
What types of Inrush Current Limiting Thermistors (Surge Limiters) are available?
Surge Limiters are available in a wide range of initial resistance levels and current
carrying capabilities. Ametherm produces Surge Limiters ranging from .2 to 220 ohms of
initial resistance. Some designs are rated for less than one ampere while other are
rated for up to 36 amperes.
Are NTC Thermistors Common for Inrush Current Protection?
A recent industry study, conducted by Data and Strategies Group, Inc., Framingham,
MA, indicates that NTC thermistors are overwhelmingly the most popular type of device
for inrush current suppression for power supplies. DSG's research indicates that NTC
thermistors currently comprise more than 90% of the market for components for this
purpose
What about the cool down time?
Because Surge Limiters heat after they suppress inrush currents, these devices require
a cool-down time after power is removed. This cool-down or "recovery" time allows the
resistance of the NTC thermistor to increase sufficiently to provide the required inrush
current suppression the next time it is needed. An NTC's cool-down time varies
according to the particular device, its mounting method and the ambient temperature.
The typical cool-down time is roughly one minute.
What are other uses of NTC Thermistors
NTCs are used for many other applications as well. Besides their usefulness in inrush
current suppression, NTC thermistors' accurate temperature response, high stability and
excellent reliability are well-suited to many other areas of electronic design. For
example, they are often used in applications such as temperature measurement,

temperature control, temperature compensation, voltage regulation, air-flow and liquid
level sensing, and in creating time delay circuits.
NTC thermistors for Inrush Current Limiting
One advantage of NTC thermistors (Surge Limiters) over active circuits for inrush current
suppression is lower component costs. Surge Limiters are typically less expensive than
active circuit components. However, the exact cost of each component depends on the
power level of the power supply for which it is intended. Typically, the higher the power
level, the larger and more costly the component The cost advantage of Surge Limiters
over active circuits can be easily illustrated with the following example based on a 300W
power supply. To provide inrush surge protection with Surge Limiters, the only
components needed are two Surge Limiters, at a total cost of $.80 or less for both
thermistors.
A second Surge Limiter advantage is a simpler design. Because Surge Limiter-based
surge suppression circuits designs typically involve fewer components, they are less
complex than those involving active circuits. In turn, a simpler design reduces the time
needed to design the inrush current suppression capability of the power supply. As a
general rule of thumb, using Surge Limiters for inrush current suppression requires only
about one-fifth the time needed to design a comparable active circuit.
Also, the Surge Limiter design provides greater manufacturing simplicity and lower reject
rates. Fewer components means fewer assembly steps. A lower component count also
decreases the potential for manufacturing rejects as a result of defective components.
Surge Limiter-based surge suppression designs typically require significantly less space
on the power supply circuit board than active circuits. For applications where the space
available is at a premium, this can be a critical consideration.
The failure mode when using an active circuit with a resistor usually requires component
replacement. However, Surge Limiter-based in- rush surge suppression is self-protecting
in the failure mode, because their resistance drops as temperature increases.

Active Circuits For Inrush Current
As mentioned previously, various types of "active" circuits are sometimes used as
alternatives to NTC thermistors (Surge Limiters) for certain applications. These
component alternatives include triacs, resistors, and thyristors.
An active circuit alternative is a triac (typically priced at about $1.00 for a 300W power
supply), plus a resistor (about $.60), plus the circuit needed to drive the triac ($.20 or
more) for a total of $1.80.
Despite the economic and design simplicity advantages Surge Limiters offer for inrush
current suppression, there are some situations when an active circuit may provide a
more appropriate solution. For example, active circuits can sometimes be a better choice
than Surge Limiters when "hot restart" capabilities are critical. The advantage is related
to the cool down/recovery time required for the resistance of the Surge Limiter to
increase sufficiently to provide the required level of inrush current protection. If the
power drops out for a period shorter than the specified recovery time, say, for a few
seconds, the thermistor will not have an opportunity to cool down and return to its initial

level of resistance. When the power comes back on, the resistance is too low to provide
sufficient inrush protection, so circuits could be damaged, fuses blown, etc.
Active circuits offer lower power dissipation than Surge Limiters at higher power ratings
(typically those above 300W). Because these designs typically run much cooler than
NTCs, their heat dissipation/heat sinking requirements are less.
Combination of NTC Thermistors and Active Circuits
There is a design technique engineers can employ to eliminate the problems posed by
the cool-down/recovery time required for Surge Limiters to return to their initial level of
resistance. Essentially, this involves designing inrush current protection to drop the
Surge Limiters out of the circuit after they have performed their function. By removing
them from the circuit once the initial surge has passed, the thermistors have an
opportunity to cool down, so they are ready to respond to a subsequent surge after a
power drop-out occurs.
This technique requires the addition of either a relay or a triac in parallel with the Surge
Limiters, plus the circuits necessary to control it. All the components of the protection
circuit would be in series with the input to the line. Once the inrush current has been
absorbed by the thermistor, then either the triac starts firing or the relay closes. The
simplest method of powering these components is from the power supply itself. Once the
power supply starts, it closes the relay or fires the triac, dropping the thermistor out of
the circuit and allowing it to cool down and regain its initial resistance, so it's ready to
provide inrush current protection.
There are a lot of parameters which create the limits of switching lamp load. I try to
explain:
The inrush current of both incandescent lamps and parallel compensated fluorescent
lamps mainly depends on the impedance of your incoming power supply.
So we have a special test facility to create most worst case conditions known from the
field.
With incandescent lamps:
- 707L at 10A has 200A inrush, 704L at 20A has 300A inrush. The inrush current is the
limit, not the nominal lamp current.
(with resistive load the max. current is 20A for both 707L and 704L. The limit is getting
the heat out of the relay, through the pcb pins.)
With fluorescent lamps, parallel compensated:
- 707L switching into 140µF creates 400A inrush, 704L at 200µF creates 600A inrush.
Again the inrush current is the limit. The capacitance value is for easier calculation for
the installer.
But if you exceed the capasitance value in some installations in the field you will exceed
the inrush current.
Due to so many different electronic ballast loads we cannot define an exact nominal
current, but you see that inrush is up to 100 times Inominal. (Not only 25 times).

