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Methods for Reducing Switch Node Ringing
A number of methods have been widely used to minimize the switch node ringing. These methods are listed as follows:
1. Careful PCB layoul to minimize the parasitic loop inductance in circuit [1].
Gale resistor/ Boolstrap resistor to slow down the tum-on of the control FET.

2
3. RC snubber circuit o attenuate the ringing.
4, Common Source inductance to slow down the turn on of the control FET.
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Figure 10. Switch Node (Vsw) Voltage Ringing on Typical Layout
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Figure 11. Switch Node {Vsy) Voltage Ringing on Optimized Layout

3.2 #fitth/ B &5 FEFH



o R R R E A T

5

T o

L l_
[
_|_ —
5y
=
P !-.
vy

Figure 12. Gate Resistor with Reverse Diode to Improve Switching
Transient

L E
]

5V

Figure 13. Bootstrap Resistor to Improve Switching Transient

RITRS R ZEINTT &R E, BARINXERIE, BAEMEAADIRE, B2
RINE, BNRAZHERKEERT
THERRNBEEMNKE EE’JLH%%/TEI

Switch Node Peak Ringing
34
32 &
= A
= 30
= & # Vin=12V, Fsw=500kHz
£ 28 A
E A B Vin=12V, Fsw=1000kHz
s 26 -
g h 5 a A Vin=19V, Fsw=500kHz
24 ] u Vin=19V, Fsw=1000kHz
22
0 1 2 3 4 5
Bootstrap Resistance (22)

Figure 14. Effect of Adding Boolstrap Resistance on Peak Switch-Node
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Peak Power Loss (40A)
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Figure 15. Effect of Adding Bootsirap Resistance on Power Loss

e

l--——.—-.-...-l""'J -m_..-_p""l
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Since the amount of energy lost in the snubber is;

haw N

. Obtain the parasitic capacitance (C;) from the MOSFET data sheet. Since the Control FET is on

during the ringing, the Sync FET outpul capacitance Coss is 8 good estimate of the total parasitic
capacitance.

When obtaining Cegs off of the data sheet, keep in mind that the value it Vi dependant. Vps = Vo for the Sync
FET is the appropriate choice.

1
Measure the un-snubbed ringing frequency (F,) using an oscilloscope. Lp '[ ZnFP FCP ]

Estimate the parasitic inductance:;

Choose Cye 10 be batween 5 and 2 times G,

Estimate the snubber resistance required for optimal damping. The snubbed circuit can be
approximated as paraliel LCR circuit where L is the parasitic inductance Lp, C is the parasitic
capacitance C and R is the snubber resistance R,,... The on-resistance of the Control FET and the
snubber capacitance can be ignored for this calculation because the on-resistance is small compared
to the snubber resistance and the snubber capacitance is designed to block lower frequencies (such
as the swilching frequency) but appears as a short at the ringing frequency. It is easily shown that for
parallel LCR circuit the optimal damping factor (damping factor of 1) is achieved by setting

1

Lp
R snub = },Ja (NOTE: steps 3 and 5 can be combined 10 calculate Ry, directly:

I
R = —
snub = 4zF C, )

] 2
Psnub=7 Csnub ¥ snub Fsw
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Switch Node Ringing Peak Voltage (V)

26
25
24
23
22
21
20
19
18
17

Effect of Variations in Snubber Capacitance
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L ]
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Figure 19. Effect of Variations in Snubber Capacitance, R,... = 0.330
(NOTE: 0 Indicates no Subber Present, Not Zero Capacilance
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Figure 18. Switch Node Ringing (Top Left: No Snubber, Top Right: 0.47nF,
0.56(), Bottom Left: 0.47nF, 1.0, Bottom Right: C.47nF, 2.400)
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Effect of Source Inductance
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Figure 22. Effect of Adding Source Inductance on Peak Ringing and Power
Loss
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Figure 23. Switch Node Ringing Wavefonms.
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