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In switching power supply for LED TV drive applications, the gate drive pin with long layout

circuit loop of the control IC would be damaged by the negative voltage over the maximum rating.
The reason is that the parasitic inductance of the MOSFET lead and PCB circuit trace. Therefore, the
reverse recovery time(7,-) and the reverse recovery charge(Q,-) of MOSFET’s parameters could
generate the negative voltage by high current deviation[1]. Fig.1 shows the low-side gate drive circuit
loop with parasitic inductance(L,;), the gate drive voltage (Vss), the gate drive resistor voltage (Vr),
the gate drive current (/;), and gate to source voltage (V). The voltage (V7,1)of parasitic inductance

(Lp1) can be expressed as
dlg,
Vip1 = Lps — ey

where 14 is the current of body diode. Fig. 2 is the relation between the reverse current of body diode
and the voltage of parasitic inductance. In these waveforms, Iz is the maximum reverse current of
body diode, ¢ p is the period of the positive induced voltage and #, v is the period of the negative

induced voltage. Therefore, the magnitude of the negative voltage can be derived as

1
VLpl = _Lpl RM (2)

trr_N

The relation of the reverse recovery charge, the reverse recovery time and the maximum reverse

current is shown as

1
Qrr = EIRM X Ly (3)

The duration of the negative voltage means the energy stress on the gate drive pin of the control IC.
The more duration the negative voltage sustain, the more the control IC will be damaged. We can

drive the negative voltage energy as

A= |VLp1| Xty N (4)

I/Lp]

Fig. 1 The low-side gate drive circuit with parasitic inductance.
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Fig. 2 Relation between the Id current and the voltage

Substitute equation (2) and (3) into (4), we can derive the area of the negative voltage energy as

A=2XLy X f— (5)
The equation (5) means that the energy might damage the IC is related to the ratio of the reverse
recovery charge and the reverse recovery time. Fig 3 shows the measurement waveform of the reverse
current of super junction MOSFET (PJD11N65N) [2]. The reverse current is about18.05A, the period
of the negative induced voltage is 50.3ns and the reverse recovery time is about 254.9ns. For example,
there are three different MOSFETs tested and assume that parasitic inductance L,;=10nH. The

measurement data of these three MOSFETs and the calculation results are shown in Table 1.

Fig. 3 The measurement of the reverse current
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Table 1. Relation of MOSFET parameters and negative voltage

No trr er IRM trrﬁN VLp] A= VLp[ % trrﬁN %
(ns) (nC) (A) (ns) V) (V-ns) tT‘T‘

Sample 1 | 229.6 | 1946 | 16.95 | 40.45 | -4.19 169.5 8.5

Sample 2 | 244.1 | 2139 | 17.52 | 58.2 | -3.01 175.2 8.8
Sample 3 | 254.9 | 2300 | 18.05 | 50.3 | -3.58 180.5 9

From the table I, we could conclude that the sample 3 with ratio of the reverse recovery charge
and the reverse recovery time is the highest possibility to damage the gate drive pin of the control IC.
There are many methods to eliminate the magnitude of the negative voltage. The simplest method is

to increase the gate drive resistor. The gate drive voltage can be derive as
VGS:VLP1+VR+VQS=Lp1d_t_+V95+IgXRg (6)

When the gate drive resistor is increased, the magnitude of the negative voltage is decrease as the
following relationship:

Ry, T = |Vgl! (7)

The smaller the negative voltage is, the smaller the energy is. Therefore, the possibility for IC
damaged is being smaller.
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