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AC cycle skipping improves PFC  
light-load efficiency

For power supplies with an input power of 75 watts or 
greater, power factor correction (PFC) is usually required. 
It forces the input current to follow the input voltage, so 
that any electrical load appears like a resistor to the volt-
age source that powers it. This is essential for many 
server, telecommunications and industrial applications, 
where energy efficiency and power quality have become 
more and more strict. The most important criteria to judge 
PFC performance is efficiency, total harmonic distortion 
(THD), and power factor (PF). With the help of new semi-
conductor devices and new control methods, the modern 
PFC circuit has achieved very good performance at middle 
and heavy loads. However, during light-load conditions, the 
efficiency, THD and PF deteriorate significantly. 

A typical PFC efficiency curve is shown in Figure 1. 
Notice how the efficiency gets lower and lower at light 
loads. This is because the switching loss, driving loss, 
and reverse-recovery loss of semiconductor components 
become dominant at light loads. Meanwhile, a PFC may 
transition from continuous-conduction mode (CCM) to 
discontinuous-conduction mode (DCM), which causes 

the converter dynamics to change abruptly and the 
current-loop bandwidth to reduce significantly. The small 
current-feedback signal also makes control very difficult. 
As a result, the THD of the current waveform increases 
(Figure 2).

This article provides a novel method to increase effi-
ciency and reduce THD when the PFC enters the light-
load condition. In this method, when the load is reduced 
to less than a predefined threshold, the PFC enters a spe-
cial burst-mode. In this mode, depending on the load, one 
or more AC cycles are skipped by the PFC. In other 
words, the PFC turns off for one or more AC cycles, and 
turns back on for the next AC cycle. The turn-on/turn-off 
instance is at the AC zero-crossing, such that the whole 
AC cycle is skipped. Moreover, since PFC turn-on/turn-off 
occurs when the current equals zero, less stress and elec-
tromagnetic interference (EMI) noise are generated. This 
is different than the traditional PWM pulse-skipping burst-
mode, where the PWM pulses are skipped randomly. 

The number of AC cycles to be skipped is inversely pro-
portional to the load. If the load continues to decrease 
below the threshold, additional AC cycles will be skipped. 

By Bosheng Sun 
Systems Engineer

Figure 1. Example of a typical  
PFC efficiency curve
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Figure 2. Example of a typical 
PFC THD curve
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图1 典型PFC效率曲线示例

图2 典型PFCTHD曲线示例

交流跳周模式提高了PFC轻负载效率
作者：孙博生，系统工程师

对于输入功率大于或等于75瓦的电源来说，通常需要使

用功率因数校正 (PFC)。功率因数校正可强制输入电流随

输入电压的变化而发生变化，这样的话，任何电气负载

对于为其供电的电压源来说都表现为一个电阻。这一点

对于很多服务器、电信和工业应用是必须满足的要求。

在这些应用中，对于能效和电能质量的要求已经变得越

来越严格。评判PFC性能的最重要标准是效率，总谐波

失真  (THD)，和功率因数  (PF)。借助于全新半导体器

件和控制方法，最新式的PFC电路已经在中度和重度负

载情况下实现了极佳性能。然而，在轻负载条件下，效

率，THD和PF性能严重降低。

图表1中显示的是一个典型PFC效率曲线。需要注意的

是，轻负载时效率变得越来越低。这是因为在轻负载

时，半导体元件的开关损耗、驱动损耗和反向恢复损耗

成为影响效率的主要因素。同时，PFC有可能从连续传

导模式 (CCM) 转换为断续传导模式 (DCM)，这一转换使

得转换器动态性能突然发生变化，并且电流环带宽大大

减少。减小的电流反馈信号也使得对电路的控制变得十

分困难。因此，电流波形的THD增加（图表2）。本文提

出一个在PFC进入轻负载条件下时增加效率并减少THD
的全新方法。在这一方法中，当负载被减少到小于预

定的阀值时，PFC进入一个特殊的突发模式。在这个模

式下，根据负载的大小，PFC会跳过一个或多个交流周
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A look-up table can be generated with the load versus the 
number of cycles to be skipped. This table will show the 
maximum number of AC cycles can be skipped while 
maintaining the output voltage ripple within a specified 
range. Figure 3 shows four different AC cycles that are 
skipped at different loads. 

Figure 3. AC cycles being skipped at different loads
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Once the PFC turns off, the switching loss, driving loss, 
and reverse-recovery loss are all reduced to zero, and the 
power loss is just the PFC stand-by power. Since the cur-
rent is zero, THD is zero. When the PFC turns on, it deliv-
ers more than the power required by a light load because 
it needs to compensate for the turn-off period. Because 

期。换句话说，PFC会在一个或多个交流周期内关闭，

而在下一个交流周期到来时重新打开。打开 /关闭情况

出现在交流零交叉点上，这样的话就跳过了整个交流周

期。此外，由于PFC打开/关闭出现在电流为零的时候，

所以产生的应力和电磁干扰 (EMI) 噪声会更小。这一点

与传统脉宽调制 (PWM) 脉冲跳跃突发模式不同；在这种

模式下，PWM脉冲被随机跳过。将被跳过的交流周期数

量与负载成反比。如果负载持续减少到阀值以下，将会

有更多的交流周期被跳过。按照负载与将被跳过的周期

数量之间的关系可生成一张查询表格。这张表格将显示

将输出电压纹波保持在额定范围内时可跳过的最大交流

周期数量。图表3显示了在不同负载下跳过的四个不同数

量的交流周期。
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the PFC now operates at middle load or completely shuts 
off to skip AC cycles, the light-load efficiency is increased 
and THD is reduced. Figures 4 and 5 show the efficiency 
and THD improvements with this special burst-mode.

Note that when PFC turns off to skip AC cycles, both 
the current loop and voltage loop need to be frozen. 
Otherwise, the integrators in these loops build up to 
 generate a big PWM pulse when the PFC turns back on, 
which causes a large current spike. 

To determine whether or not the PFC enters the 
light-load condition, the load information needs to be 
monitored. Normally there is no current sensor at the 
PFC output, so to directly measuring output load is not 

Figure 4: Efficiency comparison
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Figure 5: THD comparison
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feasible. However, the PFC voltage-loop output is propor-
tional to the load when VIN is fixed. Therefore, the loop 
output can be used as a rough indicator to determine 
whether or not the PFC is operating with a light load. 

If there is a requirement for the precise number of AC 
cycles to be skipped in order to maintain the output volt-
age ripple within a specified range, accurate load informa-
tion is required. Since there is a current shunt measuring 
input current for PFC current-loop regulation, the input 
power of a PFC can be measured. The input current and 
voltage can be monitored by analog-to-digital converters 
(ADCs), and then used to calculate the real input power. 
This accurate input-power information can be used to 

一旦PFC关闭，开关损耗、驱动损耗和反向恢复损耗全

部减少为零，并且功率损耗只是PFC待机功率。由于电

流为零，THD为零。当PFC打开时，它传送的功率大于

轻负载条件下所需要的功率，这是因为它需要对关闭期

间的功率进行补偿。由于现在PFC在中度负载中运行或

者完全关闭以跳过交流周期，轻负载效率被增加，而

THD被减少。图表4和5显示了这一特殊突发模式所带来

的效率和THD方面的改进。

需要注意的是，当PFC关闭来跳跃交流周期时，需要将

电流环路和电压环路冻结。否则的话，这些环路中的积

分器发生累积，在PFC重新打开时生成一个较大的PWM
脉冲，这个脉冲会导致一个很大的电流尖峰。

为了确定PFC是否进入轻负载状态，需要监视负载信

息。正常情况下，在PFC输出上没有电流传感器，所以

无法直接测量输出负载。然而，在VIN固定时，PFC电压

环路输出与负载成比例。因此，环路输出可大体上用作

一个指示器，确定PFC是否运行在轻负载条件下。

如果需要跳过精确数量的交流周期才能将输出电压纹波

保持在额定范围内，那么就需要准确的负载信息。由于

电路中有一个测量PFC电流环路稳压输入电流的电流分

流器，那么就可以测量PFC的输入功率。输入电流和电

压可由模数转换器 (ADC) 进行监视，然后这些转换器可

被用来计算实际的输入功率。这些准确的输入功率信息

可被用来精确地调节将被跳过的交流周期的数量。无需

任何额外硬件。要获得准确PFC输入功率测量值的详细

信息，请见参考文献1。

图4 效率比较

图5  THD比较
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precisely adjust the number of AC cycles to be skipped. 
There is no need for any extra hardware. For details of 
accurate PFC input-power measurement, please see 
Reference 1. 

A big concern of this approach is the output voltage 
drop during a load transient. Assuming a load step-up 
occurs when the PFC is off, VOUT may drop too much. To 
address this issue, VOUT is compared with a predefined 
threshold through a comparator. Once VOUT is below this 
threshold, the PFC will immediately exit the burst mode, 
AC cycle skipping is disabled, and the PFC returns to nor-
mal operation. It will handle transient response as if there 
is no special burst mode. Figure 6 shows the effects of a 
load transient from 0 to 100% during AC cycle skipping. 
Note that the VOUT drop during the transient is only 27 V, 
which is very normal for a 360-W PFC. 

Conclusion
A novel PFC burst mode allows one or more AC cycles to 
be skipped when a PFC operates with a light load. As a 
result, both efficiency and THD are improved. Moreover, 

since the PFC turns on/off at AC zero-crossing, circuit 
stress and EMI noise are reduced. The number of AC 
cycles to be skipped can be precisely adjusted based on 
load to maximize performance and maintain the output 
voltage ripple within a specified range. If a load transient 
occurs when the PFC is off, the burst mode is disabled 
immediately and the PFC handles the effects of the load 
transient normally. Finally, the implementation is easy 
with a digital controller, and no extra hardware is needed. 

References
1. Bosheng Sun, “Low-cost solution for measuring input 

power and RMS current,” Analog Applications Journal, 
Texas Instruments, 4Q 2013. Available:  
www.ti.com/3q14-SLYT545

Related Web sites
www.ti.com/3q14-UCD3138

Subscribe to the AAJ:
www.ti.com/subscribe-aaj

Figure 6. Load transient from zero to 100% during AC cycle skipping
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图6 交流跳周期间0至100%的负载瞬态

这一方法中需要注意的一点是负载瞬态期间的压降。假

定PFC关闭时出现负载升压，VOUT有可能会下降很多。为

了解决这个问题，用比较器将VOUT与预定阀值进行比较。

一旦VOUT低于这个阀值，PFC将立即退出突发模式，交流

周期跳跃被禁用，并且PFC返回到正常运行。这种处理

瞬态响应的方法就好像没有特殊突发模式一样。图表6显

示交流周期跳跃期间0至100%的负载瞬态效应。需要注

意的是，瞬态期间的VOUT压降只有27V，这一压降值对于

一个360W PFC来说很正常。

结论

全新的PFC突发模式可以在PFC运行在轻负载条件下时实

现一个或多个交流周期的跳跃。因此，效率和THD都有

所提升。此外，由于PFC在交流零交叉点上打开/关闭，

电路应力和EMI噪声被相应地减少。可以根据负载来精

确地调节将被跳过的交流周期数量，以便最大限度地提

高性能，并且将输出电压纹波保持在额定的范围内。如

果负载瞬态在PFC关闭时出现，突发模式被立即禁用，

而由PFC正常处理负载瞬态效应。最后，可使用一个数

字控制器来轻松实现此功能，而无需其他硬件。
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客户认可并同意，尽管任何应用相关信息或支持仍可能由 TI 提供，但他们将独力负责满足与其产品及在其应用中使用 TI 产品 相关的所有法
律、法规和安全相关要求。客户声明并同意，他们具备制定与实施安全措施所需的全部专业技术和知识，可预见 故障的危险后果、监测故障
及其后果、降低有可能造成人身伤害的故障的发生机率并采取适当的补救措施。客户将全额赔偿因 在此类安全关键应用中使用任何 TI 组件而
对 TI 及其代理造成的任何损失。

在某些场合中，为了推进安全相关应用有可能对 TI 组件进行特别的促销。TI 的目标是利用此类组件帮助客户设计和创立其特 有的可满足适用
的功能安全性标准和要求的终端产品解决方案。尽管如此，此类组件仍然服从这些条款。

TI 组件未获得用于 FDA Class III（或类似的生命攸关医疗设备）的授权许可，除非各方授权官员已经达成了专门管控此类使 用的特别协议。

只有那些 TI 特别注明属于军用等级或“增强型塑料”的 TI 组件才是设计或专门用于军事/航空应用或环境的。购买者认可并同 意，对并非指定面
向军事或航空航天用途的 TI 组件进行军事或航空航天方面的应用，其风险由客户单独承担，并且由客户独 力负责满足与此类使用相关的所有
法律和法规要求。

TI 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产产品品 应应用用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom
放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer
数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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