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ABSTRACT

This application report explains how to use proper board layout and/or a snubber to
reduce high-frequency ringing at the switch node of a boost converter.

The circuit in Figure 1 shows the boost converter’s critical loop created by the parasitic inductances and
capacitances, labeled as LPAR and CPAR reference designators. The node where the two switches and
inductor of a switching converter meet is called the switch node. It is not uncommon for the parasitic
inductances and capacitances to interact and cause voltage oscillations in the 200-MHz+ range at the
switch node. If the amplitude of this ringing is above the absolute maximum rated voltage of the low-side
switch, it can be destructive to the switch. In addition, the conducted emissions and/or electromagnetic
interference (EMI) generated by the ringing can cause problems for any nearby ICs.

Figure 1. Boost Converter Schematic

SLVA255–September 2006 Minimizing Ringing at the Switch Node of a Boost Converter 1
Submit Documentation Feedback

�ZHCA057–2006年9月
提交文档反馈

升压转换器开关节点的振铃最小化

应用报告

ZHCA057–2006年9月

升压转换器开关节点的振铃最小化

Jeff Falin PMP-便携式电源应用

摘要

本应用报告阐述了如何使用合理的板载布局及/或缓冲电路(snubber)来减少升压转

换器转换节点上的高频振铃。

问题的描述

图一 的电路图展示了由寄生电感及电容所构成的升压转换器的关键环路，电感及电容分别以 LPAR 和 CPAR 
标签进行参考标注。两个开关与开关转换器的电感交汇的节点被称为开关节点。寄生电感和电容通常会产

生互感，并导致开关节点上的电压在200 MHz+ 的范围内振荡。如果该振铃的振幅大于低侧开关额定电压

的最大绝对值，将会损坏开关。此外，振铃所产生的传导辐射和/或的电磁干扰 (EMI) 也会引发邻近的 IC 的
问题。

1

图�. 升压转换器示意图
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Figure 2. Ringing at Switch Node of Boost Converter

Figure 2 shows a scope plot of the switch node of a boost converter on a 5-ns/div time scale. A scope and
scope probe with at least a 500-MHz bandwidth, approximately twice the expected 200-MHz ringing
frequency, were used to take the plot. The scope probe’s ground loop was minimized to prevent inductive
pick-up from distorting the measurement. With VIN = 3.3 V and VOUT = 5 V, the peak voltage at the switch
node should be no more than VOUT + VDIODE≈ 5.7 V. However, the peak amplitude of the ringing at the
switch node is 9.8 V, which could damage the low-side switch.

The power supply designer has several options during the design phase to minimize this ringing. If a
controller is used, the designer should select FETs and diodes with minimal parasitic capacitances and
then lay out the board to minimize the distance between both switches and the inductor, thereby
minimizing LPAR2 and LPAR3. In addition, the designer can minimize LPAR1 by reducing the distance
between the source pin of the FET and the power ground point or plane. LPAR4 and LPAR5 can be
minimized by placing the bulk output capacitor as close as possible to the diode's cathode and power
ground. A high-frequency bypass capacitor [COUT-BYP] between the output (0.01 µF – 2.2 µF) and power
ground is also recommended.

Improving board layout may not be possible due to board size restrictions or due to an integrated FET
power IC with internal CPAR#, LPAR1, LPAR2, and LPAR3. Therefore, a snubber circuit, consisting of RSNUB and
CSNUB from the switch node to power ground may be required. A snubber is an energy-absorbing circuit
used to eliminate voltage spikes caused by circuit parasitic inductance when a switch opens. By providing
an alternate path to ground for the current flowing through the circuit's parasitic inductance, the snubber
reduces the voltage transient and damps the subsequent ringing with the parasitic capacitance that occurs
when the switch opens.

The rest of this application report provides steps on how to size the snubber components to damp the
ringing without significantly slowing down the switch turnoff rise time or reducing overall efficiency.

After determining the frequency of the ringing, fINIT = 217 MHz, caused by the parasitic inductance [LΣPAR#]
and parasitic capacitance [CΣPAR#] from the scope plot in Figure 2, add enough capacitance [CADD] from
the switch node to ground to reduce the ringing frequency by ½. Figure 3 shows the ringing at 113 MHz
after 300 pF of capacitance has been added.

2 Minimizing Ringing at the Switch Node of a Boost Converter SLVA255–September 2006
Submit Documentation Feedback

图 2 展示了升压转换器开关节点上的实测曲线，时间刻度 (time scale) 为 5 ns/div。测量所使用的示波器及

示波器探针具有至少 500 MHz 的带宽，近似为所估算的 200 MHz 振铃频率的 2 倍。示波器探针的接地环

路做了最小化，以避免感应拾取(inductive pick-up)造成测量结果的失真。由于 VIN = 3.3 V 且 VOUT = 5 V，因

此转换节点的峰值电压不应大于 VOUT + VDIODE≈5.7 V，但是开关节点上振铃的峰值幅度为 9.8 V，有可能损

坏低侧开关。

在设计方面，电源设计人员具有多种方法来实现振铃的最小化。如果采用控制器，设计人员应同时选用具

有最小寄生电容的 FET 及二极管，并通过板载布线，最大程度的减小两个开关与电感之间的距离，从而使 
LPAR2 和 LPAR3 最小化。此外，设计人员还可以通过减小 FET 电源引脚与电源接地点或接地层之间的距离来实

现 LPAR1 的最小化。通过将大输出电容尽可能地靠近二极管的阴极和接地电源放置，还将使得 LPAR4 及 LPAR5 
最小化。介于输出值（0.01 mF – 2.2 mF）和接地电源之间的高频旁路电容 (COUT-BYP) 来最小化振铃。在输出

与电源地之间连接0.01 mF – 2.2 mF 的高频旁通电容[COUT-BYP]也是推荐的方法。

由于电路板的尺寸限制或是由于集成 FET 电源 IC 所具有的内部 CPAR#、LPAR1、LPAR2 及 LPAR3，改进板载布线

的方法不一定可行，因此需要一个缓冲电路(snubber)——由 RSNUB 及 CSNUB 组成，从开关节点至电源地。该

缓冲电路是一个能量吸收电路，用于消除开关闭合时电路寄生电感所引起的电压毛刺。当开关闭合时，缓

冲电路为流经电路寄生电感的电流提供一条替代的接地通路，从而抑制了电压瞬变并降低了寄生电容上的

后继起振铃。

该应用报告的其余部分逐步讲述了在无明显减少开关关断的上升时间或降低整体效率的情况下，如何确定

缓冲电路元件的大小以抑制振铃。

在确定了由寄生电感 [LΣPAR#] 及寄生电容 [CΣPAR#] 所引起的振铃频率（fINIT = 217 MHz）之后（如图 2 的实

测波形所示），在开关节点与接地之间连接适当的电容[CADD]，可降低振铃频率至½。如图 3所示，在添加

了 300 pF 电容后，振铃频率为 113 MHz。

图�. 升压转换器开关节点上的振铃曲线
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Figure 3. Ringing at the Switch Node of a Boost Converter With 300pF to Ground

Because the resonant frequency of an LC circuit is inversely proportional to the square root of the LC
product, the total circuit capacitance [CΣPAR# + CADD] is now 4 times its original value [or CΣPAR# = CADD/3].
This is the minimum value for the capacitance that should be used for CSNUB. The amount of parasitic
inductance causing the ringing can be computed from

Rearranging gives

In this example, LΣPAR# is 5.4 nH. Finally, the optimal size for the snubber resistor is the characteristic
impedance of the original parasitic capacitance [CΣPAR# = CADD/3 = 100 pF] and stray inductance [LΣPAR# =
5.4 nH]:

From Equation 3, RSNUB = 7.3 Ω which was rounded up to 10 Ω. After placing CSNUB = 330 pF, the next
standard value above the computed CADD, and RSNUB = 10 Ω from the switch node to ground, a second
scope plot of the switch node was taken as shown in Figure 4.
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图�. 添加 �00 pF 电容并连接至接地后，升压转换器的开关节点的振铃曲线

LC 电路的谐振频率与 LC 乘积的平方根成反比，而现在的电路总电容 [CΣPAR# + CADD] 是其初始值 
 [或 CΣPAR# = CADD/3] 的 4 倍。这是用于 CSNUB 的最小电容值。引起振铃的总寄生电感可按下式计算：

整理后，得出

在此例中，LΣPAR# 为 5.4nH。最终，缓冲器电阻的最优化值为原始寄生电容 [CΣPAR# = CADD/3 = 100 pF] 与杂

散电感 [LΣPAR# = 5.4 nH] 的特征阻抗：

由公式 3 可见， RSNUB = 7.3Ω，四舍五入后取 10Ω。将 CSNUB 的值设置为 330pF，系大于 CADD 计算值的下

一个标准值，随后将RSNUB 定为 10Ω，由开关节点连接至地，此时在开关节点上取第二个实测波形，如图 4 
所示。
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Figure 4. Boost Converter Switch Node After Snubber is Added

Note that the ringing now is gone, the peak amplitude of the ringing is reduced by 1.8 V to 8 V, a 20%
reduction, and the switch turnoff time was decreased by only 2 ns. The designer could incrementally
increase CSNUB until the switch node corner begins to round (implying that the LΣPAR#, CSNUB, and RSNUB
circuit is critically damped with a Q = 1). However, as CSNUB increases, the energy absorbed by the
snubber increases, and therefore the power that RSNUB must dissipate increases, while the boost
converter efficiency decreases. The power that RSNUB must dissipate is computed as PSNUB = ½ CSNUB×
VPK

2× fSW where VPK is the reduced peak amplitude and fSW is the boost converter switching frequency.
The designer must ensure that the RSNUB’s package is large enough to dissipate this power. In general,
choosing CSNUB at the next standard value above the amount needed to reduce the oscillation frequency
by ½ [CADD] results in approximately a 20% reduction in peak amplitude while only decreasing peak
efficiency by a few percent.

4 Minimizing Ringing at the Switch Node of a Boost Converter SLVA255–September 2006
Submit Documentation Feedback

图 �. 添加缓冲器之后升压转换器开关节点上的振铃曲线

可以看到现在振铃基本消除，振铃的最大振幅降低至8V，降幅1.8V，缩减比例为20%，并且开关关断时间

仅缩短 2ns。设计人员可逐步地增加 CSNUB 值，直到开关节点振铃曲线的拐点幅度逐渐逼近地电平（即在 
Q=1 时，LΣPAR#，CSNUB，以及 RSNUB 电路实现了有效的抑制）。然而随着 CSNUB 值的增加，缓冲电路所吸收

的能量相应的增加， RSNUB 所消耗的功率也相应增大，降低了升压转换器的效率。RSNUB 的功耗可由公式计

算得出 PSNUB = ½ CSNUB×VPK
2×fSW，其中，VPK 为减少后的峰值振幅，fSW为升压转换器的转换频率。设计人

员必须确保 RSNUB 的封装 (package) 足够大以满足散热需求。总的来说，以大于振荡频率减半 (1/2 [CADD]) 所
需的下一标准值为标准来选取 CSNUB，既可使峰值振幅降低 20% 左右，峰值效率的降幅也不会特别明显。
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