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ABSTRACT
This application report describes how to use an external circuit to improve the soft-start performance of
the UCC28060 and UCC28061 PFC controllers. Using a soft-start circuit can reduce a large start-up
current and decrease the PFC output overshoot voltage.

1 Introduction
With its advantages of high efficiency, low ripple, and good electromagnetic interference (EMI)
performance, the UCC28060 and UCC28061 (UCC2806x) interleaved power factor correction (PFC)
controllers are well received by many customers. However, if the start-up current is too large, the power
supply can easily go into fault protection, or even be damaged. Additionally, the PFC output voltage
should be a small overshoot voltage to improve the safety of the switch components and the downturn
dc/dc converter circuits.

In order to maintain a low overall cost and reduce the number of interconnections, the UCC2806x has no
soft-start (SS) pin. As a result, the UCC2806x typically uses a voltage-loop compensation circuit for device
start-up. As a result, there is a tradeoff between the loop stability and using the soft-start technique in the
usual manner.

2 Theory of UCC2806x Operation
The UCC2806x contains the control circuits for two boost pulse-width modulation (PWM) power
converters. The boost PWM power converters ramp current in the boost inductors for a time period
proportional to the voltage on the error amplifier output. Each power converter then turns off the power
MOSFET until current in the boost inductor decays to 0, as sensed on the zero current detection inputs
(ZCDA and ZCDB). Once the inductor current decays to 0, the power converter starts another cycle. This
on/off cycling produces a triangular current wave, with the peak current set by the on-time and the main
power input voltage, as shown in Equation 1.

(1)

The average line current is exactly equal to half of the peak line current, as shown by Equation 2.

(2)

With TON and L essentially staying constant during an ac line period, the resulting triangular current
waveform during each switching cycle has an average value that is proportional to the instantaneous
value of the rectified ac line voltage. This architecture, in turn, results in a resistive input impedance
characteristic at the line frequency and a near-unity power factor.

The outputs of the two PWMs operate 180° out-of-phase so that the power-line ripple current for the two
PWMs is greatly reduced from the ripple current of each individual PWM. This design reduces ripple
current at the input and output, and allows a noticeable reduction in both size and cost of input and output
filters.

All trademarks are the property of their respective owners.
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摘要

本应用报告说明如何采用一个外部电路来改善 UCC28060 和 UCC28061 PFC 控制器的软起动性能。使用软起

动电路能减小大的启动电流并降低 PFC 输出过冲电压。

1        引言

凭借其高效率、低纹波与优良电磁干扰 (EMI) 性能的优势，UCC28060 和 UCC28061 (UCC2806x) 交错式功

率因数校正 (PFC) 控制器受到了众多客户的广泛青睐。然而，假如启动电流过大，电源很容易就会进入故障

保护状态甚至受损。此外，PFC 输出电压还应当是一个小的过冲电压，以改善开关组件及下游 dc/dc 转换器

电路的安全性。

为了保持低的总成本并减少互连线的数量，UCC2806x 未提供软起动 (SS) 引脚。因此，针对器件的软起动 
UCC2806x 通常采用一个电压环路补偿电路。于是，需要在环路稳定性与按常规方式使用软起动技术之间进

行权衡折衷。

2        UCC2806x 的工作原理

UCC2806x 包含用于两个升压脉宽调制 (PWM) 电源转换器的控制电路。升压 PWM 电源转换器使升压电

感器中的电流斜坡上升，其持续时间与误差放大器输出端上的电压成正比。每个电源转换器随后将功率 
MOSFET 关断，直到升压电感器中的电流衰减至零为止（在零电流检测输入端 ZCDA 和 ZCDB 上进行检

测）。当电感器电流衰减至零时，电源转换器将起动另一个周期。这种接通/关断循环产生一个三角形电流

波，其峰值电流由导通时间和主电源输入电压设定，如 (1) 式所示。

IPEAK(t) = (VINAC(t)•TON)/L                                                                                                                               (1)

   平均线路电流恰好等于峰值线路电流的一半，如 (2) 式所示。

IAVG(t) = (VINAC(t)•TON)/(2•L)                                                                                                                           (2)

由于 TON 和 L 在 ac 输入电压周期中基本保持恒定，因此每个开关周期中的最终三角电流波形具有一个与整

流 ac 线路输入电压的瞬态值成正比的平均值。反过来，这种架构又将在线路频率下产生一种电阻性输入阻抗

特性以及一个接近于 1 的功率因数。

两个 PWM 的输出异相 180° 操作，因此两个 PWM 的电源线纹波电流相比每个单独 PWM 的纹波电流大幅

减小。这款设计减小了输入和输出端上的纹波电流，并显著地缩减了输入和输出滤波器的尺寸与成本。

所有商标均为其各自拥有者的产权。
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2.1 Theory of On-Time Control of UCC2806x
Gate drive on-time varies with the error amplifier output voltage by a factor called KT, as shown in
Equation 3.

(3)

Where:
VCOMP is the output of the error amplifier, and 125 mV is a modulator offset.

For a given KT, from Equation 3, we can see that the gate drive on-time only varies with the voltage of the
COMP pin.

2.2 UCC2806x Soft-Start
The PWM gradually ramps from zero on-time to normal on-time as the compensation capacitor from
COMP to AGND charges from a low level to the final value. This process implements a soft-start
technique, with a time constant set by the output current of the error amplifier and the value of the
compensation capacitors.

Using this description, the soft-start circuit will both use and be limited by the voltage compensation circuit
if there is no external soft-start circuit available. If the circuit meets the soft-start requirement, it may
possibly result in worse loop stability and increased audible noise. On the other hand, if the circuit meets
the loop stability requirement, it may produce a greater startup current and higher overshoot voltage.

2.3 External Soft-Start Circuit for UCC2806x
To secure the stability of the PFC converter, we can easily change the soft-start circuit in order to reduce
startup current and decrease the startup overshoot voltage by adding the external circuit, as Figure 1
illustrates.

Figure 1. External Soft-Start Circuit Configuration with UCC2806x

When the PFC Enable signal goes from low to high, the current will charge capacitor C1 through R1, R2,
C2, and Q1. Note that capacitor C2 is much smaller than C1; it is only used to filter the noise. The voltage
across C1 will increase from zero to the high level of the Enable signal while the voltage across the R2 will
decrease from a high divide voltage to zero during the charging time. When the divider voltage across
resistor R2 is greater than the threshold of the Q1 turn-on voltage, Q1 will operate normally. R3 will divide
the COMP source current during the Q1 on-time so that the COMP voltage will increase slowly. From
Equation 3, the TON is increased slowly as the COMP voltage also increases. Thus, the output power will
be increased slowly. This approach results in a lower start-up current and lower output overshoot voltage.

If we define the input voltage of the Enable signal (VCC) as VS, and the minimum voltage to make the Q1
conduct as VT, then the external soft-start time can be calculated as shown in Equation 4.

(4)
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2.1      UCC2806x 的导通时间控制原理

栅极驱动导通时间随误差放大器输出电压而变化（变化因数被称为 KT），如 (3) 式所示。

TON = KT (VCOMP － 125 mV)                                                                                                                                                                          (3)

式中：VCOMP 为误差放大器的输出，125 mV 为调制器偏移。

由 (3) 式我们可知：对于给定的 KT，栅极驱动导通时间仅随 COMP 引脚的电压而变化。

2.2      UCC2806x软起动

当连接在 COMP 和 AGND 之间的补偿电容器从一个低电荷水平充电至终值时，PWM 逐渐地从零导通时间上

升至标准导通时间。该过程运用的是一种软起动方法，其时间常数由误差放大器的输出电流和补偿电容器的电

容值设定。

采用这种方案时，假如没有可用的外部软起动电路，那么软起动电路既要采用电压补偿电路、同时也受限于电

压补偿电路。如果电路满足了软起动要求，就很有可能导致环路稳定性变差以及可听噪声的增加。另一方面，

如果电路满足了环路稳定性要求，则有可能产生较大的启动电流和较高的过冲电压。

2.3     用于 UCC2806x 的外部软起动电路

为了保证 PFC 转换器的稳定性，我们可以通过增设外部电路轻易地改变软起动电路，以减小启动电流并降低

启动过冲电压，如图 1 所示 。

当 PFC 使能信号从低电平变至高电平时，电流将通过 R1、R2、C2 和 Q1 对电容器 C1 进行充电。请注意，

电容器 C2 远远小于 C1；它仅用于滤除噪声。在充电期间，C1 两端的电压将从零增加至使能信号的高电平，

而 R2 两端的电压则将从一个高分压电压下降至零。当电阻器 R2 两端的分压器电压高于 Q1 接通电压门限

时，Q1 将正常工作。在 Q1 导通期间，R3 将分摊 COMP 源电流，这样 COMP 电压将缓慢增加。由 (3) 式可

知，由于 COMP 电压也在增加时，因此 TON 缓慢增加。因此，输出功率将缓慢增加。运用这种方法将使启动

电流和输出过冲电压均有所降低。

假如我们把使能信号 (Vcc) 的输入电压定义为 Vs，并将使 Q1 导通的最小电压定义为 VT，则可按 (4) 式计算出

外部软起动时间。

ts = (R1 + R2)• C1• In[R2Vs/((R1 + R2)• VT)]                                                                                                        (4)

图 1：UCC2806x 的外部软起动电路配置

UCC2806x 的工作原理     
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For example, refer to Figure 1; here, VS = 5 V, C1 = 2.2 µF, R1 = 47 kΩ, R2 = 66 kΩ, and VT = 0.6 V. We
can then calculate the added external soft-start time from Equation 4 to be approximately 393 ms.

After the soft-start, the voltage across C1 is the same as the enable voltage, while the voltage across R2
will be 0 V. Q1 will be turned off. R3 will not work after the soft-start process ends. So the voltage-loop
compensation circuit is only RZ, CZ, and CP. The stability of the PFC converter will not be affected by the
external soft-start circuit when the start-up has finished.

Figure 2a is the start-up waveform of the UCC28060EVM at 90-V ac input (the input power is 220 W)
without using an external soft-start circuit. Figure 2b shows the start-up waveform of the UCC28060EVM
after adding an external soft-start circuit (again, the input power is 220 W). For both images, Ch1 is the
PWM drive out waveform; Ch3 is the PFC output waveform; and Ch4 is the input current waveform.

Figure 2. External Soft-Start Waveforms: Start-Up at 90-V Input

We can find that the maximum input current is approximately 16.2 A if there is no external soft-start circuit,
while the maximum input current drops to approximately 10.8 A if an external soft-start circuit is added.
The lower input start-up current enables the use of cheaper input/output filters and less expensive
switching components, while offering better EMI performance and improved safety.

Figure 3a shows the PFC output waveform of the UCC28060EVM at 90-V ac input (the output current is
0.32 A). Figure 3b presents the PFC output waveform of the UCC28060EVM with the external soft-start
circuit from Figure 1 at 90-V ac input (again, the output current is 0.32 A). For both images, Ch1 is the VDS
waveform of the MOSFET, and Ch2 is the PFC output waveform.

Figure 3. PFC Output Waveforms at 90-V AC Input
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 例如，参阅图 1；这里，Vs = 5 V，C1 = 2.2 μF，R1 = 47 kΩ，R2 = 66 kΩ，且 VT = 0.6 V。于是我们利用 
(4) 式可计算出增加的外部软起动时间约为 393 ms。

在软起动之后，C1 两端的电压与使能电压相同，而 R2 两端的电压将为 0 V。Q1 将被关断。在软起动过程结
束之后 R3 将不工作。于是，电压环路补偿电路仅为 Rz、Cz 和 Cp。当启动完成时，PFC 转换器的稳定性将
不会受到外部软起动电路的影响。

图 2a 为 UCC28060EVM 在 90 V 交流输入（输入功率为 220 W）且并未使用外部软起动电路时的启动波形。
图 2b 则为 UCC28060EVM 在增设了一个外部软起动电路之后的启动波形（输入功率同样为 220 W）。在这
两幅图像中，Ch1 为 PWM 驱动输出波形；Ch3 为 PFC 输出波形；而 Ch4 则为输入电流波形。

我们可以看到：在未采用外部软起动电路时，最大输入电流约为 16.2 A；而当增设了外部软起动电路时，则
最大输入电流减小至 10.8 A 左右。较低的输入启动电流允许使用较便宜的输入/输出滤波器及廉价的开关组
件，同时改善 EMI 性能与安全性。

图 3a 示出了 UCC28060EVM 在 90 V 交流输入时的 PFC 输出波形（输出电流为 0.32 A）。图 3b 示出了 
UCC28060EVM 在采用图 1 所示外部软起动电路和 90 V 交流输入时的 PFC 输出波形（输出电流同样为 0.32 
A）。在这两幅图像中，Ch1 为 MOSFET 的 VDS 波形，而 Ch2 则为 PFC 输出波形。

 a)未采用外部软起动电路                                             b) 采用外部软起动电路

图 2：外部软起动波形：在90 V 输入电压条件下启动

a)未采用外部软起动电路                                                     b) 采用外部软起动电路

图 3：90 V 交流输入条件下的 PFC 输出波形 

UCC2806x 的工作原理     
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From these demonstrations and the above discussion, we can show that the maximum overshoot voltage
is approximately 428 V, and the converter will easily go into overvoltage protection if there is no external
soft-start circuit used.If the external soft-start circuit from Figure 1 is included, the maximum overshoot
voltage is approximately 392 V, and the converter is stable. There will be a 36-V overshoot voltage gap
between the two examples (that is, with and without the soft-start circuit).

Figure 4a shows the waveform of the UCC28060EVM after start-up at 90-V ac input (again, the input
power is 220 W). Figure 4b shows the waveform of the UCC28060EVM with the addition of the external
soft-start circuit. For both waveforms, Ch1 is the PWM drive out waveform; Ch3 is the PFC output
waveform; and Ch4 is the input current waveform.

Figure 4. Normal Operation for Soft-Start Circuit at 90-V AC Input

From this example, we can conclude that the waveform of a circuit with no external soft-start and the
waveform of a circuit with external soft-start are very similar when both circuits are operating in a normal
state. In other words, the external soft-start circuit will not affect the loop stability of the PFC converter
when the PFC converter circuit goes into normal operating mode.

3 Summary
Because of lower-cost components, improved safety, and better EMI performance, many applications
require a low input start-up current and a low PFC output overshoot voltage. Both theory and testing
verified that an external soft-start circuit can be used to successfully reduce the start-up input current and
decrease the overshoot voltage without causing poorer loop stability.

4 References
Unless otherwise noted, all documents are available for download at www.ti.com.
1. UCC28060 product data sheet from Texas Instruments (SLUS767E).
2. UCC28061 product data sheet from Texas Instruments (SLUS837A).
3. UCC28060 300-W Interleaved PFC Pre-Regulator User Guide (SLUU280B).
4. UCC28061 300-W Interleaved PFC Pre-Regulator User Guide (SLUU316).
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通过这些演示以及上面的讨论，我们可以看到：在未使用外部软起动电路的情况下，最大过冲电压大约为 
428 V，而且转换器很容易就会进入过压保护状态。而倘若使用图 1 所示的外部软起动电路，那么最大过冲

电压约为 392 V，而且转换器很稳定。在这两个实例（即：采用和未采用软起动电路）之间，过冲电压相差 
36 V。

图 4a 示出了 UCC28060EVM 在 90 V 交流输入（输入功率同样为 220 W）条件下启动之后的波形。图 4b 示
出了 UCC28060EVM 在增设了外部软起动电路之后的波形。对于这两幅图像中的波形，Ch1 为 PWM 驱动输

出波形；Ch3 为 PFC 输出波形；而 Ch4 则为输入电流波形。

从这个例子我们可以得出结论：当两种电路均工作于正常状态时，未采用外部软起动的电路与采用外部软

起动的电路其波形是非常相似的。换句话说：当 PFC 转换器电路进入正常操作模式时，外部软起动电路将

不会影响到 PFC 转换器的环路稳定性。

3        总结
出于降低组件成本、提高安全性及改善 EMI 性能的考虑，许多应用都要求低的输入启动电流以及低的 PFC 
输出过冲电压。理论分析与实际测试均证明：可以使用一个外部软起动电路成功地减小启动输入电流及降

低过冲电压，而不会造成环路稳定性的劣化。

a)未采用外部软起动电路                                                b) 采用外部软起动电路

图 4：90 V 交流输入条件下软起动电路的正常操作

4       参考文献

除非另有说明，否则所有的文档均可通过以下网站下载：WWW.TI.COM。

1.德州仪器的 UCC28060 产品数据表 (SLUS767E)。
2.德州仪器的 UCC28061 产品数据表 (SLUS837A)。
3.UCC28060 300 W 交错式 PFC 前置稳压器用户指南 (SLUU280B)。
4.UCC28061 300 W 交错式 PFC 前置稳压器用户指南 (SLUU316)。
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欺诈性商业行为。TI 对此类虚假陈述不承担任何责任。

TI 产品未获得用于关键的安全应用中的授权，例如生命支持应用（在该类应用中一旦TI 产品故障将预计造成重大的人员伤亡），除
非各方官员已经达成了专门管控此类使用的协议。购买者的购买行为即表示，他们具备有关其应用安全以及规章衍生所需的所有专业
技术和知识，并且认可和同意，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在关键安全应用中使用其产 品及TI
产品所需的所有法律、法规和安全相关要求。此外，购买者必须全额赔偿因在此类关键安全应用中使用TI 产品而对TI 及其 代表造成的损失。

TI 产品并非设计或专门用于军事/航空应用，以及环境方面的产品，除非TI 特别注明该产品属于“军用”或“增强型塑料”产品。只 有TI
指定的军用产品才满足军用规格。购买者认可并同意，对TI 未指定军用的产品进行军事方面的应用，风险由购买者单独承担，
并且独力负责在此类相关使用中满足所有法律和法规要求。

TI 产品并非设计或专门用于汽车应用以及环境方面的产品，除非TI 特别注明该产品符合ISO/TS 16949 要求。购买者认可并同意，
如果他们在汽车应用中使用任何未被指定的产品，TI 对未能满足应用所需要求不承担任何责任。

可访问以下URL 地址以获取有关其它TI 产品和应用解决方案的信息：

产品 应用

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 机动性处理器 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 IMPORTANT NOTICE
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Copyright © 2012 德州仪器 半导体技术（上海）有限公司

http://www.ti.com.cn/audio
http://www.ti.com.cn/telecom
http://www.ti.com.cn/amplifiers
http://www.ti.com.cn/computer
http://www.ti.com.cn/dataconverters
http://www.ti.com.cn/home_a_consumer_electronics
http://www.dlp.com
http://www.ti.com.cn/hdr_a_energy
http://www.ti.com.cn/dsp
http://www.ti.com.cn/industrial
http://www.ti.com.cn/clockandtimers
http://www.ti.com.cn/home_a_medical
http://www.ti.com.cn/interface
http://www.ti.com.cn/home_a_security
http://www.ti.com.cn/logic
http://www.ti.com.cn/automotive
http://www.ti.com.cn/power
http://www.ti.com.cn/home_a_vi
http://www.ti.com.cn/microcontrollers
http://www.ti.com.cn/rfidsys
http://www.ti.com/omap
http://www.ti.com.cn/home_p_wirelessconnectivity
http://www.deyisupport.com 



