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Fig. 2(a) Electrostatic induction surge

AHEXNENET, BRI LBEEFRE. THREAR. When lightning occurs in the summer, a negative charge develops in the upper
MREZENZ THEERBABRERL, BN LA BSBRIERT, part of the lightning cloud.
FEEBE. When a power transmission line and a communication line cable exist under this
HTFENZZEARERNES K2 BHHE, SBHNERZNABEER O’ lightning cloud, equilateral electric charges collect on the cable and high voltage occurs.
D) &, B EBRNERERERERE, RFEAN ARG, NmEEHEF Electrostatic induction surge occurs when a positive charge on a cable develops
E/HiB. near a negative charge from a lightning cloud. When the cloud releases its charge

to another cloud or the ground, the charge on the cable is released and travels in
a wave, advancing in either direction.
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HiF FF:E Surge voltage

When electric discharge (lightning) occurs between a lightning cloud and
the ground, a severe electric current drifts and the electromagnetic induction
surge produces an electromagnetic field.

If a power transmission line and the cable of a communication line exist near
a lighting strike, they act as an antenna and electromagnetic induction causes
abnormal voltage.

When an electric discharge occurs between lightning clouds or between a
lightning cloud and the ground, abnormal voltage occurs by electrostatic
induction and electromagnetic induction to the neighboring power
transmission line or communication line. This is what is called Induced Surge

2 (b) BEIAESHEE as illustrated in fig.2 (a) and (b).
Fig. 2(b) Electromagnetic induction surge
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Please see [Introduction] for the handling of the products listed in this document.
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Please see page 20 for precautions when using the surge absorber.
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Induced Surge enters electronic equipment
through power supply lines or communication
lines.
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W EE FERG AR TT 1

FEBRRG AT SEREE

BWhat is a Surge Absorber?
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A device protecting electronic equipment from surge (abnormal voltage) is
called a Surge Protective Components (SPC). SPC protect from entry of
surge between @ the line to line interval or @ the interval from the line to the
ground.

SPC typically has a high resistance level and most of the electric currents
do not flow (nor influence the electronic equipment). However; when surge
(abnormal voltage) enters, the Surge Absorber instantly eliminates surge with
low resistance to protect the electronic equipment. When surge is eliminated,
the Surge

Absorber returns to high impedance.

B SPC: Surge Protective Components
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Fig.5 Surge Protective Components
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Please see [Introduction] for the handling of the products listed in this document.
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Please see page 20 for precautions when using the surge absorber.
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Fig.6 Micro-gap Surge Absorber (Lead wire type)
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Fig.8 Surge response waveforms by different surge protections
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Fig.9 V-l properties of gas discharge tubes
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B Micro-gap Surge Absorber
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Fig.7 Micro-gap Surge Absorber (SMD type)
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<Benefits>
1) Excellent surge response
2) High insulation resistance (more than 10MQ)
3) Low capacitance (less than 1pF)
4) No dark effect
5) Two-directional
6) Lead wire type and SMD type available

B About Follow-On Current

What is Follow-on current?

Follow-on current is electricity that will continue to flow; in this case it is a
phenomenon where the current in a discharge tube continues to flow.

Normally, Surge Absorbers are in high impedance. When a surge enters the
Surge Absorber, it will drop to low impedance, allowing the surge to bypass the
electronic circuit it is protecting. After the surge has passed, the Surge Absorber
should return to high impedance.

However, when the Surge Absorber is in low impedance and there is sufficient
voltage on the line to keep current flowing, the surge ends and the Surge Absorber
remains in discharge. The Surge Absorber fails to return to high impedance and
the current continues to flow. This is a phenomenon known as follow-on current.
Surge Absorbers that display this follow-on current are discharge-type and
semiconductor switching-type. A characteristic of these absorbers is that during
surge absorption (bypass), the operating voltage (remaining voltage) is lower than
the starting voltage.

The advantage of these Surge Absorbers is that during suppression, the voltage
is held very low, so it reduces stress on the equipment. However, a problem arises
when the line current of the equipment is high enough that it continues to drive the
Surge Absorber even when the voltage is low.

Follow-on current mechanisms are explained further in the next chapter, along
with the discharge tubes.

B V-l properties of gas discharge tubes
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The micro-gap type Surge Absorber is a type of discharge tubes. The discharge in the tube changes
from pre-discharge to glow discharge, then to arc discharge as illustrated in Fig.9.
The illustration below also shows the V-I characteristics between voltage and current for the discharge

When the tube is discharging, electric current flows and moves to glow discharge then to arc discharge
as the discharge voltage decreases. On the other hand, when the discharge decreases, the voltage
increases as it moves from arc discharge to glow discharge.

@ Pre-glow discharge
The voltage to maintain the discharge is equivalent to the DC breakdown
voltage. A faint light can be seen from at this point.

@ Glow discharge
The constant voltage rate remains as the current changes. The voltage to
maintain the discharge depends on the electrode material and the gas in the
tube. The discharge light covers portion of the electrodes.

@ Arc discharge
At the end of discharge and a large current flows through the part and it puts
out a bright light. The maintaining voltage at this point (voltage between the
discharge tube terminals) is in the 10's of volts range.
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Please see [Introduction] for the handling of the products listed in this document.
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Fig.10 No Holdover occurring
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Fig.11 Holdover occurring

When a discharge tube is used on a circuit that has a DC voltage component, there is a
phenomenon occurs, called holdover, where the discharge in the tube continues being
driven by the current from the power supply even after the surge voltage has subsided.
When a holdover occurs, for example when it is occurs in the drive circuit of a CRT, the
screen darkens and discharge in the absorber continues, which can lead to the glass
tube melting, smoking or buming.

B Mechanism of Holdover

Holdover can occur when the current is supplied to the discharge tube due to varying
conditions of output voltage and output resistance of the DC power supply. What are the
conditions that allow current to continue to flow to the discharge tube?

The relation between the power supply voltage (Vo), serial resistance (R), discharge
current (1) and the terminal voltage are shown in the linear relation below:

v=Vo-1-R - - - (1)

If voltage VO is fixed, the slope of the power supply output characteristic line increases
or decreases according to the resistance and may or may not intersect with the V-1
characteristics of the discharge tube. The characteristic linear line of a power supply
shows the relation between the output voltage and current of the power supply. Likewise,
the V-l curve of a discharge tube shows the relation between the voltage and the current.
When static surge electricity is applied to the discharge tube, the shape of the curve
shows that the surge is being absorbed during arc discharge.

As the surge ends, the discharge goes from arc discharge to glow discharge and then to
a state just prior to glow discharge. At this time, the relationship between the discharge
tubes V-l curve and the power supply's output characteristics are very important.

As shown in the figure 12, with a high resistance in the power supply, the output
characteristic line (pink) and the discharge tubes V-I characteristic curve (red) never
intersect. Therefore, current will not flow from the power supply and follow-on current will
not occur.

However, when the output characteristic line of the power supply (pink) intersects with the
V-l curve of the discharge tube (red), it is possible for the current from the power supply
to flow into the discharge tube. When the surge ends, the current should decrease from
arc discharge to the pre-glow state, but instead, the power supply will continue to flow
where it intersects in the glow or arc discharge region. This condition where the power
supply continues to allow current into the discharge tube is called holdover.

The figure 12 below shows how the power supply continues supplying the current to the
discharge tube when its characteristic line intersects the discharge tubes V-1 line in the
glow or arc discharge sections.

To prevent holdover from occurring, it is important to keep the V-l characteristic line of the
power supply from intersecting with the V- curve of the discharge tube.

v RIFBEE B
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circuit
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Fig.13 Output characteristic of the power supply
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Please see [Introduction] for the handling of the products listed in this document.
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Please see page 20 for precautions when using the surge absorber.
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B Follow-on current from AC sources

When DC is the power supply, follow-on current occurring in gas discharge tubes
for AC sources is easy to understand.

In the figure 12, the only difference is that the power supply voltage (Vo) changes with time.
As shown on the previous page, when the power supply voltage is shown as Vo(t),
the output power characteristics are displayed as follows:

With “v” being the voltage at the power out terminal, and “I” the current of the circuit,

v=Vo (t) -R-1 = - - (2)

Vo(t) will vary with time, so when displaying the above equation on a graph, it will
appear as in the figures below in the shaded areas. Then when Vo(t) is shown as:

Vo (t) =Vosinwt+ * + (3)

When the power supply voltage becomes 0 (zero cross), there is a short time
where the voltage range and time range of the power supply output and discharge
tube V-I curve do not intersect.

For an AC power supply, because there is always a zero crossing of the supply's
voltage, it is easier to stop the discharge than in the case of holdover. In the vicinity
of the zero crossing, it is impossible to maintain the discharge since the current to
the discharge is cut off. The discharge is then halted by the ionized gas molecules
returning to their normal state.

Because the terminal voltage does not exceed the direct current break down
voltage, if the discharge is halted, it will not be able to start again.

However, if the gas molecules remain ionized during this period and voltage is
again applied to both terminals of the discharge tube (enters the cycle of opposite
voltage), this newly applied voltage will not allow the discharge to end and it will
continue in the discharge mode. This is follow-on current for alternating current.
When this type of follow-on current occurs, the tube stays in a discharge mode
and the glass of the tube will begin to smoke, melt and possibly ignite.
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(a) V-l characteristics (b) V-t characteristics
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Fig.15 At Low Resistance (Short Range of No Follow-on-current)

It is important to utilize a resistance in series that is sufficiently large enough
to prevent follow-on-current from occurring according to the conditions of the
alternating current.

BA1 00 B (ZEHFEHERE)

Photo 1 At 0Q (Follow-on-current occurring)

LENGTH 81. 32m

BAR2 050 B (BEREFEBEETMEL)
Photo 2 At 0.5Q (Stopped at half wave
Follow-on-current)
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With 1Q and 3Q resistance, results are the same
as those in photo 2, as follow-on-current is disrupted
and discharge is stopped.

For AC power sources, the resistance value that is
connected in series with the discharge tube is small
in comparison to DC sources.

If the series resistance is 0.5Q or greater, it should
be sufficient; however, for safety, a value of 3Q (for
100V) or greater is recommended.

In addition, there is a method to use a varistor in
series that acts as a resistor. In this case, the varistor
must have an operating voltage greater than the AC
voltage and be placed in a series with the discharge
tube. Unlike the resistor, discharge will be stopped
without follow-on current occurring during the first
half of the wave.

Selection of varistor voltage:

For AC 100V : Vima > 220V

For AC 200V : Vima > 470V

Our DSANR and DSAZR series are made for power
supplies and are designed to prevent follow-on
current.

At risk applications of holdover or follow-on-current:
1) Holdover

Circuits using DC power sources
2) Follow-on current

Circuits using AC power sources
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Please see page 20 for precautions when using the surge absorber.

2« MITSUBISHI MATERIALS CORPORATION





