14

e il TECHNICAL INFORMATION
di/dtE ~di/dt Test
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The PN junction diodes or Schottky barrier diodes having the
metallic and N-type semiconductor etc, have the characteristics of
rectifying action.

In between the anode and cathode of the 2- terminal junction, and
according to the depletion layer, it consists of junction capacitance,
which violates the ideal working of the diode.

When the forward current IF is flowing in the forward direction, if
voltage (VR) is applied in the reverse direction, ideally it will be as per
fig-1, and the IF current will be stopped. But, in actuality, as per fig-2,
there will be minority carriers. Irrespective of the reverse direction,
as long as these carriers exist, a large reverse current (IR) flows. The
time from the zero cross point of the current till it returns to 10% of
the Irp, is called as the Reverse Recovery Time (Trr), and is
considered as small, as far as the diode switching characteristics is
considered. Further, in case Trr is long, it may become the reasons
for the damage, depending upon the operating conditions.
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The fig-3 is the basic circuit for the motor control, for the bridge
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configuration of the power MOS-FET.
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The ON/OFF is repeated consequently up and down. By changing
the ON/OFF time, the motor speed is controlled. The power MOS-
FET is almost with double diffusion, and as per the configuration,
diode is built-in between source and drain. When transistor and IGBT
are adapted, it is required to attach the flywheel diode. Q1-Q4 and
Q2-Q3 are chopped in pair and controls the motor. When Q1-Q4 is
ON, current id1 flows. Ifid1 is stopped by putting Q1-Q4 to OFF, due
to the energy stored in the inductance of the motor, the regeneration
current id2 flows through the inner diode of Q2. With this condition, if
Q1-Q4 is made ON, the reverse recovery time (Trr) of the inner diode
of Q2 becomes conducting state, and a excess reverse current
(recovery current), idr (in the shorted condition of Q1 & Q2) flows.
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At the same time, the +Vs (supply voltage) is applied to the diode of
Q2, as the reverse voltage (VR). Instantaneously as per fig-4, in the
shaded area, it results in high energy, VRXIR, with the reverse
current (Ir) and reverse voltage (VR). This energy is applied to the
diode of Q2, resulting in the damage.

This phenomenon becomes severe, when di/dt of the reverse
current IR of the diode of Q2 is quick, which makes Irp larger,
resulting in the damage. This may also be called as the di/dt damage.
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The fundamental measurement circuit for the di/dt measurement
is as per fig-6. The tilt in di/dt is greatly changed according to the
Further, for the

measurement using tester head box, it may create a residual

driver FET, DUT, circuit inductance etc.

inductance of the order of 150nH due to the internal wiring of the
tester and test socket.
If the measurement cable of 10cm is considered as 100nH, fig-7

indicates the calculation for the driver FET, based only on the circuit

inductance.
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Most engineers might think that diodes are resistant to current
and will not be broken by a little overwork for a short time. However,
it is necessary to know about this di/dt damage. It is because di/dt
damage is likely to occur in high-temperature environment, and di/dt
strength is unable to be grasped from static characteristic data shown
on catalogs. If damage of MOS-FET occurs even if there is no design
defect in apparatuses using MOS-FETs, di/dt damage should be
considered as a cause.

Miniaturization of products has been improved. The di/dt test is a

significant item for semiconductors used in various environments.



