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Fly-Buck™ converter provides EMC and 
 isolation in PLC applications

How do you provide galvanically-isolated positive or nega-
tive voltage rails while keeping cost and complexity to a 
minimum? At the same time, how do you fend off a diver-
sity of challenges tied to wide input voltage range, multi-
ple outputs, small solution size, electromagnetic 
compatibility (EMC), and high reliability?

Consider factory automation and control end equipment 
segments such as programmable logic controllers (PLC), 
field transmitters, sensors and process instrumentation, 
industrial communication, data acquisition systems (DAS), 
human machine interface (HMI), and IGBT-based motor 
drives. There is an inescapable requirement in many of 
these applications for more functionality in less space. 
Solution footprint and height are critical, meaning system 
designers must explore all avenues to conserve valuable 
PCB real estate. For the power solution in particular, a 
key requirement is a robust design that provides one or 
more isolated voltage rails. This article focuses on PLCs 

in particular, examines EMC and safety isolation require-
ments, and describes a multi-output power converter 
solution.

PLC I/O module
An illustrative block diagram of a PLC I/O module is given 
in Figure 1. Used in modular rack-based PLC systems, an 
I/O module establishes the physical connection between 
the PLC and factory or field equipment. The rack can 
accept various types of I/O modules that effectively slide 
into slots in the rack to accomplish backplane connection.

The system in Figure 1 includes a microcontroller, data 
converters, isolators, input amplifiers, I/V output drivers, 
references, wired and/or wireless connectivity, and a 
multi-output DC/DC Fly-Buck™-based power solution[1,2]. 
Analog I/O signal ranges are usually selected from the volt-
age options of 0 to 5 V, 0 to 10 V, ±5 V, and ±10 V, or the 
current options of 0 to 20 mA and 4 to 20 mA. 

By Timothy Hegarty
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Figure 1. Factory automation PLC I/O module
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您是如何在尽量保持低成本和低复杂性的情况下提供电

气隔离式正电压轨或负电压轨的呢？与此同时，您又是

怎样成功地应对与宽输入电压范围、多输出、小解决方

案尺寸、电磁兼容性 (EMC) 和高可靠性相关的众多挑战

的呢？

不妨思考一下工厂自动化和控制终端设备领域，例如：

可编程逻辑控制器 (PLC)、现场发送器、传感器和生产过

程用检测仪表、工业通信、数据采集系统 (DAS)、人机

界面 (HMI) 和基于 IGBT 的电机驱动器。在许多此类应

用中都有一个躲不开的要求，那就是在日渐狭小的空间

里提供更多的功能。解决方案的占板面积和高度是至关

紧要的，这意味着系统设计人员必须想尽一切办法节省

宝贵的 PCB 空间资源。尤其是对于电源解决方案来说，

一项关键的要求便是实现可提供一个或多个隔离式电压

轨的坚固型设计。本文特别关注了 PLC，考察了 EMC 

Fly-Buck™ 转换器在 PLC 应用中提供了 EMC 
和隔离
作者：Timothy Hegarty
系统工程师，非隔离式电源解决方案

图 1：工厂自动化 PLC I/O 模块
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与安全隔离要求，并说明了一款多输出电源转换器解决

方案。

PLC I/O 模块

图 1 给出了 PLC I/O 模块的说明性方框图。I/O 模块在

基于模块化机架的 PLC 系统中使用，其在 PLC 和工厂设

备或者现场设备之间建立了物理连接。机架可接受能够

有效地滑入机架中的插槽以完成背板连接的各种不同类

型的 I/O 模块。

图  1 中的系统包括一个微控制器、数据转换器、隔离

器、输入放大器、电流 / 电压 (I/V) 输出驱动器、基准、

有线和 / 或无线连通性、以及一个基于多输出 DC/DC 
Fly-Buck™ 的电源解决方案[1, 2]。模拟 I/O 信号范围常常

从电压选项（0 V 至 5 V、0V 至 10 V、±5 V 和 ±10 V）
或者电流选项（0 mA 至 20 mA 和 4 mA 至 20 mA）中

选择。
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Emissions, immunity, and safety requirements  
for PLCs
Factory equipment placed into the European Union (EU) 
market should generally comply when fully installed with 
the EMC Directive (2014/30/EU) and low-voltage (LV) 
directive (2014/35/EU). These directives point to compli-
ance of the main requirements using a list of harmonized 
standards based on several generic and product specific 
standards. Table 1 lists several European Norm (EN) stan-
dards[3-5] that apply to EMC and electrical safety. Many of 
these tests are performed at the system level, either at the 
enclosure power or data port(s). Note that the Low 
Voltage Directive applies if the applicable input or output 
voltage lies within 75 to 1500 VDC or 50 to 1000 VACrms.

EN 61131-2 specifies requirements and related tests 
specifically for PLCs and their associated peripherals. 
However, while this standard supersedes generic standards 
for immunity (EN 50082-2) and safety (EN 61010-3), 
generic standards are still used for emissions (EN 61000-
6-2) and AC harmonics/fluctuations (EN 61000-3-2) for 
AC-powered equipment. Also, various tests referenced 
within the EN 61000-4 transient immunity specification 
cater to electrostatic discharge (ESD), electrical fast tran-
sient (EFT)/burst, lightning surge, and conducted/radiated 
RF immunity[6,7].

Choosing a power solution
Converter- or controller-based IC solutions are widely 
available, and the choice hinges initially on input voltage 
and output current specifications. However, solutions spe-
cifically with a large input voltage range (wide VIN) offer 
outsized voltage rating and operating margin to deal with 
supply rail voltage transients described in EN 61000-4. For 
a given PLC application, the power solution must 

Table 1: Summary of popular harmonized standards for EMC and electrical safety

Standard Applicability Remarks

IEC/EN 61131-2 Listed in EMC Directive PLC equipment specific requirements and tests

IEC/EN 61000-6-2/-4 Listed in EMC Directive Generic immunity/emission standard for industrial environments

IEC/EN 61326-1/-2 Listed in EMC Directive Electrical equipment for measurement, control and laboratory use

IEC/EN 61000-4-2 High-frequency disturbances ESD immunity test

IEC/EN 61000-4-3 Radiated EM field immunity test

IEC/EN 61000-4-4 Switching transients (EFT/burst) immunity test

IEC/EN 61000-4-5 Surge impulse (lightning) immunity test

IEC/EN 61000-4-6 Conducted RF current immunity test

IEC/EN 61000-4-8 Low frequency disturbances 50/60-Hz magnetic field immunity test

IEC/EN 61000-4-11 Voltage dips and short interruptions immunity test

IEC/EN 61000-4-12 Damped oscillatory waves immunity test

IEC/EN 55011  
(or CISPR 11)

Low- and high-frequency 
emissions Conducted and radiated emissions for industrial, scientific, and medical (ISM) equipment

IEC/EN 60664-1 Listed in Low Voltage 
 Directive

Insulation for equipment within low-voltage systems. Low voltage defined as 75 to 1500 VDC 
or 50 to 1000 VACrms

IEC/EN 61010-1 Safety Safety requirements for electrical equipment for measurement, control and laboratory use

IEC/EN 60950-1 Safety Safety of IT equipment

be chosen to provide sufficient power for the given I/O 
config ur ation and the number of base/option module slots 
to be powered. Multiple isolated-converter outputs are 
required, particularly if isolation is required on a per- 
channel basis to protect against transients and ground 
loops.

The wide-VIN Fly-Buck circuit has gained prominence 
from a range of buck-based topologies. The concept is 
becoming a more mainstream solution for power system 
engineers. The most noteworthy feature of a Fly-Buck 
converter is what is missing. Built from the reliable syn-
chronous buck regulator, the Fly-Buck has neither loop 
compensation nor feedback optocoupler components. A 
compensated error amplifier is not needed, and a constant 
on-time (COT) control approach gives nearly instanta-
neous response for excellent transient dynamics. 
Feedback regulation is from the primary side through a 
standard resistor divider. Switching frequency is kept 
steady with line feedforward and continuous conduction 
mode (CCM) operation. 

For maximum flexibility, both isolated and non-isolated 
outputs are available. This makes the Fly-Buck ideal for 
auxiliary and bias rails, floating supplies for digital isola-
tors (Figure 1), and bipolar supplies for powering high-
precision amplifiers and data converters[2]. To customize 
for additional outputs, simply add a transformer secondary 
winding with requisite number of turns, a rectifier diode, 
and an output capacitor. For space-constrained designs, 
dual, triple, quad, or more outputs are easily obtained with 
a small-size magnetic component. As a multi-output con-
verter, the Fly-Buck is an excellent fit for PLCs where a 
high level of integration is needed as PLC channel count 
and functional density increase while the enclosure  
gets smaller.
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针对 PLC 的辐射、抗扰度和安全性要求

进入欧盟 (EU) 市场的工厂设备在完全安装好的时候通

常应遵从 EMC 指令 (2014/30/EU) 和低电压 (LV) 指令 
(2014/35/EU)。这些指令旨在采用一系列基于若干通用

和产品专属标准的调和化标准 (harmonized standards) 
来实现与主要要求的相符性。表  1 列出了几种适用于 
EMC 和电气安全性的欧洲规范 (European Norm) 标准
[3－5]。许多此类测试是在系统级上进行的（在底盘电源

端口或数据端口）。请注意，倘若合适的输入或输出电

压位于 75 VDC 至 1500 VDC 或者 50 VACrms 至 1000 
VACrms 的范围之内时，则低电压指令适用。

EN 61131-2 标准规定了特别针对 PLC 及其关联外设的

要求的有关测试。然而，尽管该标准取代了针对抗扰

度 (EN 50082-2) 和安全性 (EN 61010-3) 的通用标准，

但是这些通用标准仍然用于 AC 供电型设备的辐射 (EN 
61000-6-2) 和 AC 谐波 / 波动 (EN 61000-3-2)。而且，

在 EN 61000-4 瞬变抗扰度规范内所参考的各种测试还

可适用于静电放电 (ESD)、电快速瞬变 (EFT) / 脉冲群、

雷电冲击和传导 / 辐射 RF 抗扰度[6, 7]。

选择一款电源解决方案

基于转换器或控制器的 IC 解决方案可轻松获取，而且其

选择首先取决于输入电压和输出电流规格。然而，特地

具有一个大输入电压范围（宽 VIN）的解决方案则提供了

过大的额定电压和操作裕量，以应对 EN 61000-4 标准

中描述的电源轨电压瞬变。必须对于给定的 PLC 应用选

择合适的电源解决方案，以为将要供电的给定 I/O 配置

和数量的基本 / 任选模块插槽提供足够的功率。需要多个

隔离式转换器输出（尤其是在每个通道都需要隔离的场

合），用以提供针对瞬变和接地环路的保护。

宽 VIN Fly-Buck 电路由于诸多基于降压的拓扑而引起了人

们的关注。对于电源系统设计人员来说，此概念逐步成

为了一种更加主流的解决方案。Fly-Buck 转换器最值得

关注的特性在于其所省略的组件。Fly-Buck 的设计基于

可靠的同步降压型稳压器，其既没有环路补偿组件也没

有反馈光耦合器组件。不需要使用一个补偿型误差放大

器，而一种恒定导通时间 (COT) 控制方法则提供了准瞬

时响应，可实现出色的瞬态增益特性。反馈调节由初级

侧通过一个标准的电阻分压器提供。对于线路电压前馈

和连续导通模式 (CCM) 操作，开关频率保持稳定。

为了获得最大的灵活性，可提供隔离式和非隔离式输

出。这使得 Fly-Buck 非常适合于辅助和偏置电源轨、用

于数字隔离器的浮动电源（图 1）、以及用于为高精度

放大器和数据转换器供电的双极型电源[2]。如需针对更多

的输出进行客户化设计，则只需增设一个具有必要匝数

的变压器次级绕组、一个整流二极管和一个输出电容器

即可。对于空间受限的设计，利用一个小型磁性组件可

轻松获得双路、三路、四路或更多的输出。作为一种多

输出转换器，Fly-Buck 是 PLC 的绝佳选择，在此类应用

中，PLC 通道数量和功能密度不断增加，而外壳则日益

缩小，因此需要实现高集成度。

表 1：针对 EMC 和电气安全性的常用调和化标准概要

标准 适用性 备注

IEC/EN 61131-2 列于 EMC 指令 特定于 PLC 设备的要求和测试

IEC/EN 61000-6-2/-4 列于 EMC 指令 针对工业环境的通用抗扰度 / 辐射标准

IEC/EN 61326-1/-2 列于 EMC 指令 面向测量、控制和实验室用途的电气设备

IEC/EN 61000-4-2 高频扰动 静电放电 (ESD) 抗扰度测试

IEC/EN 61000-4-3 辐射电磁 (EM) 场抗扰度测试 

IEC/EN 61000-4-4 开关瞬变（EFT / 脉冲群）抗扰度测试

IEC/EN 61000-4-5 浪涌冲击（雷电）抗扰度测试

IEC/EN 61000-4-6 传导射频 (RF) 电流抗扰度测试

IEC/EN 61000-4-8 低频扰动 50 / 60 Hz 磁场抗扰度测试

IEC/EN 61000-4-11 电压下降和短暂中断抗扰度测试

IEC/EN 61000-4-12 阻尼振荡波抗扰度测试

IEC/EN 55011（或 CISPR 11） 低频和高频辐射 针对工业、科学和医疗 (ISM) 设备的传导和辐射发射抗扰度测试

IEC/EN 60664-1 列于低电压指令
低电压系统内部设备的绝缘。低电压被定义为 75 VDC 至 1500 VDC 或者  

50 VACrms 至 1000 VACrms。

IEC/EN 61010-1 安全性 针对用于测量、控制和实验室用途的电气设备的安全性要求

IEC/EN 60950-1 安全性 IT 设备的安全性
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Fly-Buck™ circuit implementation
Based on the 65-V, LM5160 synchronous regulator, the 
schematic of Figure 2 details an EMC-compliant Fly-Buck 
converter that delivers ±12-V isolated rails from a center-
tapped secondary winding. Output voltages are scaled 
commensurate with turns ratio NP/NS of transformer T1, 
and a 12-V primary-side output, VAUX, is also provided. 
The red dashed line shows the isolation boundary. The 
upper circuitry is the EMC filter with common-mode 
inductor, X and Y capacitors, damping resistor, bidirec-
tional transient voltage suppressor (TVS) voltage clamp, 
and reverse-polarity protection diode.

Optimizing EMC and isolation
The Fly-Buck topology has broad versatility to meet EMC 
and isolation performance objectives[1, 8]. Generally, the 
goal of EMC-protected circuits is to shunt the external 
transients to ground with low impedance and protect the 
circuit from damage. A Fly-Buck regulator with wide-VIN 
capability permits a higher voltage TVS diode with a lower 
power rating and a smaller footprint that still meets the 
input transient immunity specifications for the power 
stage. Selection of TVS voltage rating is based on the 
dynamic impedance of the TVS and the expected peak 
current. Y capacitors, denoted as CYI and CY2 in Figure 2, 
shunt transient energy from the input lines to the enclo-
sure’s chassis ground. This approach is supplemented by 
small ferrite beads to provide high impedance at particu-

larly sensitive nodes in the signal chain where high attenu-
ation is required[8].

Off-the-shelf transformers are readily available with slim 
form factor and isolation rating of up to 4.5 kV peak, based 
on the requisite creepage and clearance. Certainly, larger 
isolation ratings dictate increased winding spacing, which 
means higher leakage inductance. Fortunately, the Fly-
Buck is more tolerant of leakage inductance than an 
equivalent flyback converter. The Fly-Buck has no pri-
mary-side voltage spike related to leakage inductance, 
which provides an increased operating voltage margin 
against input-voltage transients. Also helpful for EMC, the 
Fly-Buck has a primary-side current waveform with lower 
harmonic content compared to the flyback.

Note that the 24-V industrial bus is normally double or 
reinforced insulated. Thus, functional isolation to 500-VDC 
continuous is usually adequate for the downstream power 
stages. As an example, most sensors adopt a 4- to 20-mA 
loop to transmit the measured quantity without noise or 
line-length concerns. In this case, an isolated rail increases 
signal accuracy and avoids any ground noise current 
issues related to interconnection of other equipment. As 
an example for basic or reinforced isolation, when power-
ing digital data isolators, select the magnetic component 
that meets the isolation grade requirement and design the 
PCB layout to meet the relevant creepage and clearance 
specification of the referencing standard.

Figure 2: EMC-compliant Fly-Buck™ regulator supply for PLC applications

BST

EN/UVLO

C
BOOT

2

4

10

1

9

12

11

5

3

PGND

FB

SW

RON

VINVCC

C
VCC

V
CC

AGND

V
IN

R
T

Q
1

Q
2

LM5160

V

24

IN

V (nom)

18 to 32 V

R
UVT

R
UVB

L
CM1

TVS

36 V

1

EMC Filter Isolation

C
Y1

C
Y2

C
X2

C
x1

+

R
IN1

D
IN

6 8SS

FPWMC
SS 7

SW

C
  
o

  
n

  
t 

 r
  
o

  
l

C
O1

R
FBT

R
FBB

D
S2

D
S3

N
P

N
S

N
S

T
1

C
O2

C
O3

12 V

100 mA

–12 V

–100 mA

12 V

300 mA
R

F
C

F

C
AC

Isolated

GND

V
OUT

V
OUT

V
AUX

C
IN

–

AAJ 2015 年第一季度德州仪器

模拟应用期刊 工业

Fly-Buck™ 电路实施方案

图 2 中的原理图详细示出了一款符合 EMC 标准的 Fly-
Buck 转换器，其基于 65 V、LM5160 同步稳压器，可

从一个中心抽头次级绕组提供 ±12 V 隔离式电源轨。输

出电压按照变压器 T1 的匝数比 NP/NS 进行调整，另外还

提供了一个 12 V 初级侧输出 VAUX。红色虚线示出了隔离

边界。上方的电路为 EMC 滤波器，其具有共模电感器、

X 和 Y 电容器、阻尼电阻器、双向瞬态电压抑制器 (TVS) 
电压箝位、以及反极性保护二极管。

优化 EMC 和隔离

Fly-Buck 拓扑具有广泛的通用性，可满足 EMC 及隔离

性能目标 [1, 8]。一般来说，EMC 保护电路的目标是利用

低阻抗将外部瞬变旁路至地并保护电路免受损坏。可接

受宽 VIN 的 Fly-Buck 稳压器允许使用额定功率较低和占

板面积较小的较高电压 TVS 二极管，同时仍然满足功率

级的输入瞬变抗扰度规格要求。TVS 额定电压的选择基

于 TVS 的动态阻抗和预计的峰值电流。Y 电容器（在图 
2 中标示为 CY1 和 CY2）把暂态能量从输入线路旁路至外

壳的底板接地 (chassis ground)。小型铁氧体磁珠为这种

方法给予了补充，它们用于在那些需要高衰减的信号链

路中的特别敏感的节点上提供高阻抗[8]。

成品变压器很容易购得，它们具有纤细的外形和高达 4.5 
kV（峰值）的额定隔离度，并基于必要的爬电距离和电

气间隙。当然，较大的隔离额定值要求增加绕组间距，

这意味着漏电感的升高。幸运的是，相比于同等的反激

式转换器，Fly-Buck 对于漏电感的耐受能力更强。Fly-
Buck 不存在与漏电感有关的初级侧电压尖峰，因而使得

针对输入电压瞬变的工作电压裕量有所增大。而且有助

于 EMC 的是，与反激式拓扑相比，Fly-Buck 具有一个

谐波含量较低的初级侧电流波形。

请注意，24 V 工业总线一般实施了双重隔离或强化隔

离。于是，至 500 VDC 的持续功能性隔离对于下游功率

级而言通常是足够的。例如，大多数传感器都采用一个 4 
mA 至 20 mA 环路来传输测量值，并不存在噪声或线路

长度问题。在该场合中，隔离式电源轨可提高信号准确

度并消除与其他设备的互连有关的任何接地噪声电流问

题。比如，对于基本隔离或强化隔离而言，当为数字隔

离器供电时，应当选择那些可满足隔离等级要求的磁性

组件，并通过合理的设计使 PCB 布局符合参照标准的相

关爬电距离和电气间隙规格。

图 2：面向 PLC 应用并符合 EMC 标准的 Fly-Buck™ 稳压器电源
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Conclusion
PLCs for factory automation and control applications have 
unique power-stage design requirements. Testament to its 
ease-of-use, small size, safety isolation, EMC regulatory 
compliance, and low overall bill-of-materials cost, a wide-
VIN Fly-Buck solution meets these requirements. Looking 
forward, as more demanding isolated applications come to 
fruition, complying to regulatory specifications is clearly a 
benchmark of power solutions for industrial applications 
that is becoming more important.
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结论

面向工厂自动化和控制应用的 PLC 具有独特的功率级

设计要求。一款宽 VIN Fly-Buck 解决方案可满足这些要

求，从而证明了其易用性、小尺寸、安全隔离能力、与 
EMC 管理标准的相符性以及低的总物料清单成本。展望

未来，随着要求更高的隔离式应用得以实现，对于面向

工业应用的电源解决方案来说，与技术管理规范的相符

性显然将成为它们的一项衡量标准，其重要性将日益提

高。
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