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Design a transition-mode, bridgeless PFC with 
a standard PFC controller

Introduction
This article presents design information for using a stan-
dard, low-cost, power factor correction (PFC) controller 
to construct a high-efficiency transition-mode (TM) 
bridgeless-PFC power supply. Driven by the Northwest 
Energy Efficiency Alliance’s 80 PLUS® program,[1] com-
puter power-supply manufacturers are eager to investigate 
ways to improve converter efficiency. A standard power-
supply system with high power-factor requirements is 
shown in Figure 1. 

The rectified input voltage is boosted to a level higher 
than the maximum input to ensure that a high power factor 
is achieved over the whole input range. After the boost 
PFC, an isolated DC/DC converter steps the boost voltage 
down through a safety isolated transformer. For a two-
stage power supply with 400-W output power, power dissi-
pation of the bridge diodes could go up to 6 W with a full 
load and the input at 120 VAC/60 Hz. That is a 1.5% effi-
ciency reduction just because of the power dissipation by 
the bridge diodes. As a result, bridgeless PFCs[2] (a combi-
nation of rectifier and boost converters) 
replace conventional PFCs for better con-
verter efficiency. However, the complexity 
of bridgeless-PFC control makes its control-
ler more expensive than a standard analog-
PFC controller. Additionally, the parasitic 
capacitance on the bridgeless-PFC MOSFETs 
creates more electromagnetic interference 
(EMI) than the conventional PFC.[3] 

The aforementioned issues greatly increase the cost of a 
bridgeless PFC circuit. An alternative bridgeless PFC with 
return diodes[4] is shown in Figure 2.

Slow-recovery return diodes, DR1 and DR2 in Figure 2, 
alleviate EMI concerns. Moreover, the same pulse-width 
modulation (PWM) signal can be used to drive both 
MOSFETs, which greatly reduces control complexity and 
controller cost. 

This article focuses on the design considerations 
of using low-cost standard analog-PFC controllers for 
TM-bridgeless PFCs with return diodes. Two 370-W refer-
ence boards were built for performance evaluations with 
the UCC28051 TM-PFC controller; a TM-bridgeless PFC 
and a TM-conventional PFC. The results show that over 
97% efficiency can be achieved with the TM-bridgeless 
PFC prototype at 120 VAC, which is about 1% higher than 
that of the TM-conventional PFC prototype. 

Digital controllers such as TI’s C2000™ real-time 
 microcontrollers[5] are also widely used for controlling 
bridgeless PFCs.
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Figure 1. Conventional two-stage power-supply 
system with high power-factor requirements
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Figure 2. Bridgeless PFC with return diodes
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引言

本文提供了采用一个标准的低成本功率因数校正 (PFC) 
控制器来构建高效率转换模式 (TM) 无桥 PFC 电源的

相关设计信息。在美国西北能源效率联盟 (Northwest 
Energy Efficiency Alliance) 的 80 PLUS® 计划 [1] 的推动

之下，计算机电源制造商们急于探究改善转换器效率的

方法。图 1 示出了一个具有高功率因数要求的标准电源

系统。

经过整流的输入电压被提升至一个高于最大输入的电

平，以确保在整个输入范围内实现高功率因数。在升压 
PFC 之后，一个隔离式 DC/DC 转换器通过一个安全隔

离变压器对增高电压进行降压。对于一个具有 400 W 输
出功率的两级电源，在满负载和 120 VAC/60Hz 输入条

件下，桥式整流二极管中的功率耗散有可能升至高达 6 
W。仅仅是因为桥式整流二极管产生的功率耗散就导致

利用一个标准的 PFC 控制器来设计转换模式、
无桥 PFC
作者：Sheng-Yang Yu
应用工程师，电源设计服务

效率下降了 1.5%。因此，用无桥 PFC 
[2 ]（整流器与升压转换器的组合）取

代传统的 PFC 可改善转换器效率。不

过，相比于标准的模拟 PFC 控制器，

无桥  PFC 控制的复杂性导致其控制

器的成本较为昂贵。此外，无桥  PFC 
MOSFET 上的寄生电容所产生的电磁

干扰 (EMI) 也高于传统 PFC。[3]

上述问题极大地增加了无桥 PFC 电路

的成本。图 2 示出了一种采用回程二

极管  (return diode)  [4] 的替代型无桥 
PFC。

图 1：具有高功率因数要求的传统两级电源系统

图 2：采用回程二极管的无桥 PFC
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图 2 中的慢恢复型回程二极管 DR1 和 DR2 减轻了 EMI 问
题。而且，同一个脉宽调制 (PWM) 信号可用于驱动两个 
MOSFET，这极大地降低了控制的复杂性和控制器的成

本。

本文着重讨论将低成本的标准模拟  PFC 控制器用于具

有回程二极管的 TM 无桥 PFC 的设计考虑因素。利用 
UCC28051 TM-PFC 控制器；一个 TM 无桥 PFC 和一

个 TM 传统 PFC 制作了两个用于性能评估的 370 W 参
考板。实验结果显示：在 120 VAC 条件下，采用 TM 无
桥 PFC 原型可实现 97% 以上的效率，比采用 TM 传统 
PFC 原型时大约高出了 1%。

另外，诸如 TI C2000™ 实时微控制器 [5] 等数字控制器

也被广泛地用于控制无桥 PFC。
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Circuit operations and design considerations
Circuit operations
The circuit operations of a TM-bridgeless 
PFC, shown in Figure 3, are similar to a boost 
converter. When VAC > 0 (or Va – Vb > 0), the 
main currents flow through the first boost 
converter components, L1, S1, D1, C1 and 
the load, then back to the source through 
DR2. When VAC < 0 (or Va – Vb < 0), the main 
currents flow through the second boost con-
verter components, L2, S2, D2, C1 and the 
load, then back to the source through DR1. 
The return diodes allow both switches S1 
and S2 to be on and off at the same time to 
keep the boost converters operating normally.

Design considerations
A standard TM-PFC controller relies on the 
sensing results of current-sensing and zero-
current-detection (ZCD) circuits as the on/
off trigger of the driving signal. A current-
sensing circuit is used to detect the peak 
value of the inductor current to turn off the 
switch. A ZCD circuit detects the zero- 
current point of the inductor current to turn 
on the switch.

Another characteristic of a standard 
TM-PFC controller is that the switching-frequency range 
is much narrower than costly digital controllers. It is 
important to properly design the PFC inductors because 
they determine the switching frequency. There are three 
key considerations when applying a standard TM-PFC 
controller to the TM-bridgeless PFC: Current-sensing cir-
cuit design, ZCD design, and PFC-inductor design.

Current-sensing design
Power resistors for a peak current-sensing circuit (RCS1 
and RCS2 in Figure 4a) are no longer the first choice for 
bridgeless-PFC current sensing. This is mainly because 
there are two switch legs to be sensed. If each switch is in 
series with a current-sensing resistor, then additional cir-
cuitry is needed to be sure the controller receives the 
 current-sensing signal from the desired switch leg. Because 
these circuits generally require higher current-sensing 
resistance, higher power losses occur with current- 
sensing resistors. Higher resistance is needed for RCS1 and 
RCS2 because of the diode voltage drop. 

Instead of using current-sensing resistors, current trans-
formers for current sensing are  suggested as shown in 
Figure 4b. Diodes in the current- sensing circuit with cur-
rent transformers ensure that peak-current from the 
desired switching leg is detected and also minimize power 
losses in the current-sensing circuit. 

Figure 3. Operations of bridgeless PFC with return diodes
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电路工作原理和设计考虑因素

电路工作原理

图 3 所示的 TM 无桥 PFC 的电路工作原理

与升压型转换器很相似。当 VAC > 0（或 Va 
– Vb > 0）时，主电流流过第一个升压转换

器组件（L1、S1、D1、C1）和负载，然后

经由 DR2 返回电源。当 VAC < 0（或 Va – Vb 
< 0），主电流流过第二个升压转换器组件

（L2、S2、D2、C2）和负载，然后经由 DR1 
返回电源。回程二极管允许两个开关 S1 和 
S2 同时接通或关断，以保持升压转换器正

常运作。

设计考虑因素

标准的 TM-PFC 控制器依赖电流检测和零

电流侦测 (ZCD) 电路的感测结果作为驱动

信号接通 / 关断的触发器。电流检测电路

用于侦测电感器电流的峰值以关掉开关。

ZCD 电路负责侦测电感器电流的零电流点

以接通开关。

图 3：采用回程二极管的无桥 PFC 的工作原理

图 4：电流检测电路
标准 TM-PFC 控制器的另一个特征是其开关频率范围要

比昂贵的数字控制器窄得多。正确地设计 PFC 电感器是

很重要的，因为它们决定了开关频率。当把一个标准的 
TM-PFC 控制器应用于 TM 无桥 PFC 时有三个主要的考

虑因素：电流检测电路设计、ZCD 设计和 PFC 电感器设

计。

电流检测设计

对于无桥 PFC 电流检测来说，用于峰值电流检测电路的

功率电阻器（图 4a 中的 RCS1 和 RCS2）不再是首选。这

主要是因为将要检测两根开关引线 (switch leg)。如果每

个开关与一个电流检测电阻器相串联，那么就需要额外

的电路以确保控制器从期望的开关引线接收电流检测信

号。由于这些电路通常需要较高的电流检测电阻，因此

伴随着电流检测电阻器的使用将出现功率损耗的增加。

因为二极管电压降的缘故，RCS1 和  RCS2 需要较高的电

阻。

如图 4b 所示，建议使用电流变压器取代电流检测器来进

行电流检测。采用电流变压器的电流检测电路中的二极

管可确保能够检测到来自期望开关引线的峰值电流，并

且最大限度地减少电流检测电路中的功率损耗。
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Zero-current-detection design
In a standard TM-boost PFC, ZCD is achieved by detecting 
the voltage signal from an auxiliary winding of the PFC 
inductor (Figure 5a). This ZCD circuit uses the inductor’s 
voltage-second characteristic. When boost diode D1 is con-
ducting, positive voltage appears at the IC’s ZCD pin. Also, 
with a proper turns-ratio design of L1, VZCD is greater than 
VREF. Once the inductor current decreases to zero, the 
inductor’s voltage changes its polarity. Now the ZCD volt-
age changes from positive (VZCD > VREF) to negative 
(VZCD < VREF). This voltage polarity-changing transient is 
detected by the internal comparator and pulls the driving 
signal high to turn on S1. 

When using a TM-bridgeless PFC, all zero-current 
events must be detected. It may be necessary to apply the 
ZCD circuit for a TM-boost PFC to both inductors in the 
TM-bridgeless PFC and include blocking diodes. However, 
blocking diodes extend the VZCD falling duration and make 
the ZCD pin sensitive to noise, which causes incorrect 
trigger and protection. Instead of using the inductor auxil-
iary winding, a series-connected RC circuit (Figure 5b) 
provides a simple detection option. 

When both S1 and S2 are turned off, there is still one 
switch (generally MOSFET) conducting current through 
its body diode. Hence, a voltage difference is created 
between the two switch legs. The capacitors in the ZCD 
circuit are charged and result in VZCD > VREF. The voltage 
difference becomes zero when the inductor current goes 
to zero, which makes VZCD < VREF and triggers the turn-on 
event. In short, this circuit uses the capacitor charge/dis-
charge to achieve ZCD.

PFC inductor design
Unlike a continuous-conduction-mode (CCM) PFC circuit, 
a TM PFC requires various switching frequencies in an AC 
cycle to ensure that the inductor current is discharged to 
zero before the next switching cycle begins. Generally, an 
analog TM-PFC controller has a narrower operational fre-
quency range than a digital controller. Therefore, choosing 
the proper inductance for the boost inductors in the 
TM-bridgeless PFC becomes an important task to ensure 
that the switching frequencies are within the IC limits in 
most conditions. The inductor value can be calculated.

L
V

I
t

V

1
2

=
 

×

=

in_min(rms)

in(rms) in_min(rms)
on_max

in_mi

at V

nn(rms)

in(rms) in_min(rms)

in_min(rms)

at V2

2

I

V V

V
out

ou 
×

− ×

tt f× sw_min
 

(1)

where ton_max is the maximum on time of switches S1 and 
S2 at the minimum input voltage (Vin_min), and fsw_min is 
the minimum switching frequency at Vin_min. The rms 
value of the input current (Iin(rms)), can be determined by 
Iin(rms) = Pout/(Vin(rms) × η), where η is the PFC efficiency.

Figure 5. Zero current detection circuits
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Once inductance is determined, the converter switching 
frequencies over an AC switching period with a fixed-
input AC voltage can be found.
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where Di is the duty cycle in the i-th switching action, 
ωAC = 2πfAC and fAC is the AC switching frequency. The 
time that the i-th switching begins is xi, so with 
x1 = 0, xi + 1 can be determined.
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Now consider a TM-bridgeless PFC with a 380-V output 
voltage, 380-W output power, and universal AC input 
range of 90 to 264 VAC. With fsw_min set to be 65 kHz and 
η assumed to be 96%, the inductance can be calculated as 
104 µH with Equation 1. Now apply equations 2 and 3 with 
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零电流侦测设计

在标准的 TM 升压 PFC 中，ZCD 是通过检测来自 PFC 
电感器的一个辅助绕组的电压信号实现的（图 5a）。

该 ZCD 电路运用了电感器的伏特-秒特性。当升压二极

管 D1 导通时，正电压出现在 IC 的 ZCD 引脚。而且，

借助正确的 L1 匝数比设计，VZCD 可大于 VREF。一旦电

感器电流减小至零，电感器的电压将改变其极性。此时 
ZCD 电压从正 (VZCD > VREF) 变为负 (VZCD < VREF)。内部

比较器将检测到这种电压极性瞬变，并把驱动信号拉至

高电平以接通 S1。

当采用 TM 无桥 PFC 时，所有的零电流事件都必须检

测到。有可能必需把 TM 升压 PFC 的 ZCD 电路应用到 
TM 无桥 PFC 中的两个电感器，并引入隔离二极管。然

而，隔离二极管的使用会延长 VZCD 的下降持续时间并

使 ZCD 引脚对噪声敏感，这将导致错误的触发和保护

动作。如果不使用电感器辅助绕组，而代之以一个串接

式 RC 电路（图 5b），则可提供一种简单的可选检测方

案。

当  S 1  和  S 2  均关断时，仍然有一个开关（一般是 
MOSFET）通过其体二极管传导电流。于是，在两根开

关引线之间产生了一个电压差。ZCD 电路中的电容器被

充电，并导致 VZCD > VREF。当电感器电流变至零时该电

压差变为零，从而使得 VZCD < VREF 并触发接通过程。简

而言之，该电路运用电容器的充电 / 放电来实现 ZCD。

PFC 电感器设计

与连续导通模式 (CCM) PFC 电路不同，TM PFC 在一

个 AC 周期中需要各种不同的开关频率，以确保电感器

电流在下一个开关周期开始之前被放电至零。一般来

说，模拟 TM-PFC 控制器的工作频率范围比数字控制器

窄。因此，在大多数场合中，为了确保开关频率处在 IC 
的限值范围之内，为 TM 无桥 PFC 中的升压电感器选择

正确的电感值就变成了一项重要的任务。电感值是可以

计算的。

式中的 ton_max 是开关 S1 和 S2 在最小输入电压 (Vin_min) 
条件下的最大导通时间，fsw_min 是在 Vin_min 条件下的最

小开关频率。输入电流的 rms 值 (Iin(rms)) 可利用 Iin(rms) = 
Pout/(Vin(rms) x η) 来确定，其中的 η 为 PFC 效率。

一旦确定了电感，即可以求得固定输入 AC 电压下转换器

在一个 AC 开关周期中的开关频率。

式中的 Di 为第 i 个开关动作中的占空比，ωAC = 2πfAC 
和 fAC 是 AC 开关频率。第 i 个开关动作的开始时间为 
xi，因此当 x1 = 0 时，就可以确定 xi + 1。

现在，设想一个具有 380 V 输出电压、390 W 输出功率

和 90 VAC 至 264 VAC 通用 AC 输入的 TM 无桥 PFC。

当把 fsw_min 设定为 65 kHz 且假设 η 为 96% 时，利用 
(1) 式可计算出电感值为 104μH。现在，借助电感计算

值来应用 (2) 式和 (3) 式。图 6 示出了在 120 VAC 和 240 

图 5：零电流侦测电路
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the calculated inductance. The switching frequency varia-
tions at 120 VAC and 240 VAC are shown in Figure 6. The 
results show that a high power factor can be ensured in 
both low-line and high-line inputs for this design  
(fsw_max ≅ 400 kHz) because the switching frequencies 
during high-current operation are all below the controller’s 
frequency limitation.

Circuit implementation and experimental 
verifications
Two 380-W, TM-PFC reference boards (conventional- 
boost and bridgeless) were built to compare performance. 
For boost switches, an N-channel MOSFET with RDS(on) = 
140 mW was used for the boost PFC and N-channel 
MOSFETs with RDS(on) = 199 mW were used for the 
bridgeless PFC. The UCC28051 TM-PFC controller and 
inductors with a PQ3220 ferrite core were applied to both 
reference boards. Note that two 260-µH inductors were 
connected in parallel for the boost PFC reference board to 
share the magnetic flux density and power losses on the 
boost inductor. Two 100-µH inductors were used as boost 
inductors in the bridgeless-PFC reference board. Identical 
low-cost bridge diodes were used for the rectifier in the 
conventional-boost PFC and for the return diodes in the 
bridgeless PFC. Current sensing with current transformers 
and a RC-connected ZCD circuit was applied to the 
bridgeless-PFC reference board.

Inductor current waveforms of the TM-bridgeless PFC 
are shown in Figure 7. Notice that when one inductor pro-
cesses a switching operation, the other inductor conducts 
negative current. This is because the inductance of the 
boost inductors is very low at the 50-/60-Hz frequencies. 
Therefore, part of the return current flows back to the 
source through the boost inductors instead of the return 
diodes.

Figure 6. Switching frequencies of 
TM-bridgeless PFC over a half AC cycle
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VAC 条件下的开关频率变化。结果显示：由于高电流操

作期间的开关频率均低于控制器的频率限值，因此就该

设计而言 (fsw_max ≅ 400 kHz)，在低线路电压输入和高线

路电压输入情况下皆能确保一个很高的功率因数。

电路实现方案和实验验证

制作了两个 380 W、TM-PFC 参考板（传统升压和无

桥）以比较性能。对于升压开关，把一个具有 RDS(on) = 
140 mΩ 的 N 沟道 MOSFET 用于升压 PFC，并将具有 
RDS(on) = 199 mΩ 的 N 沟道 MOSFET 用于无桥 PFC。

两个参考板均使用了 UCC28051 TM-PFC 控制器和具有 
PQ3220 铁氧体磁芯的电感器。请注意，对于升压 PFC 
参考板，两个 260μH 电感器采取并联连接以共享升压

电感器上的磁通密度和功率损耗。在无桥 PFC 参考板

中，把两个 100μH 电感器用作升压转换器。传统升压 
PFC 中的整流器和无桥 PFC 中的回程二极管采用了相

同的低成本桥式整流二极管。无桥 PFC 参考板运用了采

用电流变压器和一个 RC 连接式 ZCD 电路的电流检测

方法。

图 7 示出了 TM 无桥 PFC 的电感器电流波形。请注

意，当一个电感器处理开关操作时，另一个电感器传导

负电流。这是因为升压电感器的电感在 50/60 Hz 频率

下是非常低的。所以，部分返回电流通过升压电感器

（而不是回程二极管）流回到电源。

图 6：TM 无桥 PFC 在半个 AC 周期中
的开关频率

图 7：TM 无桥 PFC 在 350 W 输出时
的电感器电流
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Figure 8 compares the efficiency of these two proto-
types. In the light- to mid-load range, an efficiency 
improvement of approximate 1% was noted for the 
TM-bridgeless PFC compared to the boost PFC. The 
power-factor measurements of the prototypes are shown 
in Figure 9. The high power factor was obtained for both 
120 VAC and 240 VAC, which verifies the previous analysis.

Conclusion
Design considerations of a low-cost TM-bridgeless PFC 
show that standard PFC controllers can be used to greatly 
reduce overall circuit cost while keeping the advantages of 
a bridgeless PFC circuit. Experimental comparisons to the 
conventional TM PFC show strong evidence of efficiency 
improvement with the TM-bridgeless PFC. 
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图 8 比较了这两款原型的效率。在轻负载到中等负载的

范围内，我们发现：相比于升压 PFC，TM 无桥 PFC 的
效率提升了大约 1%。原型的功率因数测量结果示于图 
9。在 120 VAC 和 240 VAC 条件下均获得了高功率因

数，从而验证了先前的分析。

结论

低成本  TM 无桥  PFC 的设计考虑因素表明：标准的 
PFC 控制器可用以极大地降低总体电路成本，同时保持

无桥 PFC 电路的固有优势。与传统 TM PFC 的实验对

比有力地证明：利用 TM 无桥 PFC 可实现效率的改善。
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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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