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Simple open-circuit protection for boost 
converters in LED driver applications

Introduction
One method for driving high-brightness LEDs is to modify 
the standard boost-converter topology to drive a constant 
current through the load. However, there is a major prob-
lem with this implementation in that an open-circuit fault 
in the LED string removes the pathway for the load current. 
This creates the potential to damage the circuit due to a 
high-output voltage from the converter, which operates 
without feedback in this condition. This article presents a 
simple method of robust open-circuit fault protection that 
uses a Zener diode and a resistor with negligible changes 
in overall efficiency. The functionality of the topology is 
demonstrated by configuring a high-voltage boost con-
verter as a constant-current driver for a string of three 
high-brightness white LEDs and producing a simulated 
fault condition at the output. The presented circuit clamps 
the output voltage to a safe level and reduces the output 
current in the protected state.

Typical boost converter for high-brightness LEDs
Boost converters are commonly modified for driving high-
brightness LEDs in single-cell lithium-ion (Li-Ion), alka-
line, and other applications where the voltage of the LED 
string exceeds the battery or rail voltage. In the standard 

boost configuration, the output voltage, VOUT, is monitored 
by using a voltage divider to produce a feedback voltage, 
VFB, for the circuit. The converter regulates the output 
voltage to keep VFB equal to the on-chip reference voltage, 
VREF. This topology can be adapted to maintain a constant 
current rather than a constant voltage by replacing the 
upper resistor in the feedback-voltage divider with the 
load, as represented by the LED string in Figure 1. The 
load current is dependent on the boost converter’s on-chip 
reference voltage and is determined by
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A major problem with this simple implementation is that 
an open-circuit fault in the LED string removes the path-
way for the load current. Without the load current flowing 
across the feedback resistor, RSET, VFB is pulled to ground. 
In response, the boost converter increases its operating 
duty cycle to the maximum duty cycle possible in an effort 
to maintain the correct voltage on the feedback (FB) pin. 
Using the idealized transfer function of a boost converter 
reveals that a high-output voltage (VOUT) can be produced 
when the converter approaches its maximum duty cycle. 
Consider a boost converter with a typical maximum duty 
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Figure 1. High-voltage boost converter configured as an LED driver 
without open-circuit protection
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引言

驱动高亮度 LED 的一种方法是对标准升压转换器拓扑进

行修改，以驱动恒定电流通过负载。但是，这种实施方

法存在一个严重问题，因为 LED 串中出现的开路故障会

移除负载电流的通路。由于来自转换器（此时在无反馈

情况下工作）的高输出电压，这样可能会对电路造成潜

在损坏。本文为您介绍一种简单的健壮开路故障保护方

法，其使用一个齐纳二极管和一个电阻器，并且对总效

率的影响可以忽略不计。通过将一个高压升压转换器配

置为一个恒流驱动器，用于驱动 3 支高亮度白光 LED，

并在输出端产生一个模拟故障状态，我们可以验证这种

拓扑结构的功能性。该电路将输出电压控制在某个安全

水平，并在受保护状态下减少输出电流。

典型高亮度 LED 升压转换器

我们常常对转换器进行修改，以在单节锂离子(Li-Ion)、
碱性及其它应用中驱动高亮度 LED。在这些应用中，

LED 串的电压超出了电池或者电源轨电压。在标准升压

图 1 无开路保护 LED 驱动器高压升压转换器结构

配置结构中，利用一个分压器产生电路的反馈电压 VFB，

从而对输出电压 VOUT 进行监控。转换器对输出电压进行

调节，让 VFB 始终都等于片上参考电压 VREF。这种拓扑为

自适应型，可用负载代替反馈分压器中的上层电阻器，从

而保持恒定电流而非恒定电压，如图 1 中 LED 串所示。

负载电流依赖于升压转换器的片上参考电压，其计算方法

如下：

这种简单实施方法存在的一个严重问题是，LED 串中出
现的开路故障会移除负载电流的通路。当没有电流流过
反馈电阻器 RSET 时，VFB 被下拉至接地。作为响应，升压
转换器会尽可能地增加其工作占空比至最大值，目的是
在反馈 (FB)针脚上维持正确的电压。利用理想化的升压
转换器传输函数表明，当转换器接近其最大占空比时，
可以产生高输出电压 (VOUT)。请思考一个90%（常用值）
典型最大占空比且 5V 输入的升压转换器：
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cycle of 90% (a common value) and a 5-V input:

 
OUT IN

1 1V V 5 50 V
1 D 1 0.9

= × = × =
− −

 (2)

The high voltage at the converter’s output creates the 
potential for multiple failures. This voltage may exceed 
the rating of internal or external switching devices or pas-
sive components. It may also represent a potential hazard 
to the user and could damage a load upon connection if 
the circuit is being operated without one.

Protection circuit
An alternate pathway for the load current must exist in the 
event of an open-circuit condition. While placing a resistor 
in parallel with the LED string provides a pathway, it is not 
ideal because it causes a significant efficiency loss. An 
alternative configuration (Figure 2) consists of a Zener 
diode and a resistor and offers suitable system protection 
with negligible losses in efficiency.

When the load-current pathway is removed, the output 
voltage increases until the Zener diode, ZD1, turns on and 
current flows through RPRO and RSET to ground. The out-
put current is determined by the series combination of 
RPRO and RSET because VFB is driven to equal the internal 
bandgap reference, VREF. Therefore, the output protection 
current defaults to

 

REF
PRO

SET PRO

V
I .

R R
=

+
 (3)

A voltage is chosen for the Zener diode such that no 
current flows through it during normal circuit operation. 

To ensure that the diode is completely off during normal 
operation, the voltage chosen should be at least 2 V higher 
than the maximum load voltage but still less than the max-
imum output voltage specified for the boost converter. 
This also decreases the chance that the circuit designer 
will have to increase the voltage rating of the output capac-
itors, C2 and C3, and the catch diode, SD1. The output 
voltage is clamped to the sum of the Zener diode’s voltage 
and the reference voltage:

 OUT ZD1 REFV V V= +  (4)

RPRO is selected by balancing the error induced to the 
LED current and the power dissipated during circuit pro-
tection. In practice, the value selected for RPRO should be 
as large as possible in order to minimize power dissipation 
in the Zener diode:

 ZD1 PRO ZD1P I V= ×  (5)

The error introduced into the circuit is due to the leakage 
current through the Zener diode, IZL, as well as the bias 
current, IFB, of the error amplifier internal to the boost 
converter. Equation 6 is a revised transfer function that 
includes these errors:

( ) ( )REF ZL PRO SET FB PRO SET
LOAD

SET

V I R R I R R
I

R

− + − +
=  (6)

Because these two currents are normally less than 1 µA, 
the error introduced is very small and can be ignored in 
most implementations.
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Figure 2. LED driver circuit with open-circuit protection

转换器输出端高压带来发生多次故障的可能性。这种电
压可能会超出内部或者外部开关式器件或者无源组件的
额定值。另外，如果在没有采取保护措施的情况下操作
电路，它还会给用户带来潜在危险，并可能会在连接时
损坏负载。

保护电路

在出现开路状态时，负载电流必须有一条备用通路。尽
管将一个电阻器与 LED 串并联可以提供一条通路，但
其并不理想，因为它会引起巨大的效率损失。替代配置
（图 2）由一个齐纳二极管和一个电阻器组成，可提供
足够的系统保护，并且效率损失微乎其微。

当负载电流通路被移除时，输出电压上升，直到齐纳二
极管 ZD1 开启，同时电流流经 RPRO 和 RSET 接地。输出
电流由 RPRO 和 RSET 的串联组合决定，因为 VFB 受到驱动
后等于内部带隙参考电压 VREF。因此，输出保护电流默
认为：

通过平衡电路保护期间的 LED 电流感应误差和功耗来选
择 RPRO 值。实际上，RPRO 的值应尽可能地大，以最小化
齐纳二极管的功耗：

进入电路的误差，由齐纳二极管的漏电流IZL以及升压转
换器内部误差放大器的偏置电流 IFB 所引起。方程式 6 
是一个经过修改的传输函数，其包括了这些误差：

由于这两种电流一般都小于 1 µA，因此引起的误差非常
小，在大多数实现中均可以忽略不计。

我们为齐纳二极管选择一个电压，以使正常电路工作期
间没有电流流经它。为了确保该二极管在正常运行期间

图 2 有开路保护 LED 驱动器电路

完全关闭，所选电压应至少高于最大负载电压 2V，但小
于升压转换器的规定最大输出电压。这样，电路设计人
员便不会经常被迫增加输出电容器 C2 和 C3 以及箝位二
极管 SD1 的额定电压。输出电压被控制为齐纳二极管电
压与参考电压的和：
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Demonstration
As an application example, the Texas 
Instruments TPS61170 boost converter 
IC was configured as a constant-current 
LED driver. This is an ideal boost con-
verter for driving a string of high- 
brightness LEDs in applications such as 
backlighting or flashlights. The 3- to 18-V 
input range allows a wide range of power 
sources, such as 2S-to-4S Li-Ion or 3S-to-
12S alkaline battery packs, USB, or 12-V 
rail power.

The boost converter was configured to 
drive three high-brightness white LEDs 
with a current of 260 mA. With a typical 
reference voltage of 1.229 V, RSET was 
calculated by using the simplified version 
of the load current in Equation 7:

 

REF
SET

LOAD

V 1.229 V
R 4.73 

I 260 mA
= = = Ω  (7)

A value of 1 mA was chosen as a reasonable protection 
current (IPRO) to calculate the value of RPRO:

 

REF
PRO SET

PRO

V 1.229 V
R R 4.7 

I 1 mA

1224.3 1.2 k

= − = − Ω

= Ω → Ω

 (8)

A 15-V Zener diode was chosen for ZD1 in order to 
exhibit minimal leakage at the expected load voltage of 
approximately 10 V, while also clamping the output to a 
value far below the maximum allowable output voltage of 
the boost converter, 40 V. The output voltage was clamped 
to the Zener diode’s voltage (VZD1), which was summed 
with the converter’s reference voltage:

 OUT ZD1 REFV V V 15 V 1.229 V 16.229 V= + = + =  (9)

With the load current and protection resistors selected, 
the deviation from the expected load current was calcu-
lated (see Equation 10 below). The datasheet value of  
200 nA was used for the feedback bias current (IFB), and 
a value of 1 µA was used for the expected leakage current 
through the Zener diode, with a VOUT of approximately 10 V.

Recall that the intended load current for the circuit was 
260 mA. As can be seen, once the theoretical values for 
components are replaced by available values in Equation 
10, they contribute far more error than does the protec-
tion circuit itself.

To test the protection circuit’s operation, the LED string 
was replaced with a resistor decade box set to 38 Ω to 

mimic the voltage across the LED string at the designed 
load current. An open-circuit fault was simulated by rapidly 
changing the load resistance from 38 Ω to 1038 Ω. As 
illustrated in Figure 3, the change in the output current 
(green trace) signaled the sudden change in load imped-
ance. To compensate, the output voltage of the TPS61170 
(yellow trace) rose to re-establish the designed load cur-
rent. However, rather than continuing this trend until 
reach ing its maximum duty cycle, the output voltage  
stabilized to the clamp voltage of approximately 16 V.

Conclusion
A simple method to provide open-circuit protection to a 
boost converter configured as a constant-current LED 
driver was presented. Consisting of a Zener diode and an 
additional resistor, this circuit limits the output voltage to 
a safe level while simultaneously reducing the output  
current when an open-circuit fault occurs at the load. 
Furthermore, this approach contributes negligible error to 
the load-current calculations and negligible loss of effi-
ciency during normal circuit operation. The functionality 
of the protection circuit was demonstrated by configuring 
a boost converter as an LED driver and adding a 15-V 
Zener diode and a 1.2-kΩ resistor for output protection. 
The demonstration circuit exhibited the expected output 
behavior in a simulated load fault condition.

Related Web sites
power.ti.com
www.ti.com/product/TPS61170
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Figure 3. Oscilloscope screen shot of protection-circuit activation

LOAD
1.229 V 1 A(1.2 k 4.7 ) 200 nA(1.2 k 4.7 )

I 261 mA
4.7 

− µ Ω + Ω − Ω + Ω= =
Ω

 (10)

图 3 保护电路激活示波器截屏演示论证

作为一个应用举例，TI TPS61170 升压
转换器 IC 被配置为一个恒定电流 LED
驱动器。在诸如背光照明或者手电筒等
应用中，它是驱动高亮度LED串的理想
升压转换器。3V-18V 输入范围允许使
用较宽的电源范围，例如：2S 到 4S 锂
离子或者 3S 到 12S 碱性电池组、USB 
或者 12V 电源轨。

升压转换器经过配置，用于驱动 3 支高
亮度白光 LED（260 mA）。典型参考
电压为 1.229 V 时，将简化的负载电流
用于方程式7中，计算得到RSET：

我们为 ZD1 选择一个 15V 齐纳二极管，以表现约 10V 
预计负载电压时的最小漏电流，同时还将输出控制在远
低于升压转换器最大允许输出电压 (40V) 的某个值。输
出电压被控制在齐纳二极管电压 (VZD1)，其与转换器参考
电压的和为：

利用选择的负载电流和保护电阻器，计算与预期负载电
流的偏差（参见下列方程式 10）。数据表值200 nA用于
反馈偏置电流 (IFB)，1 µA 值则用于预计的齐纳二极管漏
电流，VOUT 约为 10V。

电路的目标负载电流为 260 mA。正如我们所看到的那
样，一旦组件理论值被方程式 10中的有效值代替，它们
引起的误差将远多于保护电路本身带来的误差。

为了测试保护电路的运行情况，我们使用一个 38 Ω 的
电阻器十进位箱代替 LED 串，目的是模拟设计负载电流
下 LED 串的电压。通过快速地将负载电阻从 38 Ω 改变

我们选用1mA值作为保护电流（IPRO），以计算RPRO值：

为 1038Ω，可以模拟一次开路故障。如图3所示，这种输
出电流变化（绿色线条）表明了负载阻抗的突然变化。
为了进行补偿，TPS61170 输出电压（黄色线条）上升，
以重新达到设计负载电流。但是，这种变化不会始终如
此，直到达到其最大占空比，输出电压稳定在了约 16V 
的箝位电压。

结论

我们为您介绍了一种给配置为恒定电流 LED 驱动器的升
压转换器提供开路保护的简单方法。这种电路由一个齐
纳二极管和一个附加电阻器组成，其将输出电压限制在
一个安全水平，同时在负载出现开路故障时降低输出电
流。另外，这种方法给负载电流计算过程带来了一些误
差，并使正常电路运行期间的效率稍有降低，但这些影
响都可以忽略不计。将一个升压转换器配置为一个 LED 
驱动器，并添加一个 15V 齐纳二极管和一个 1.2kΩ 电阻
器，用于输出保护。这样便演示论证了这种保护电路的
功能性。该演示论证电路在模拟负载故障状态下的输出
表现符合我们的预期。

相关网站

www.ti.com.cn/lsds/ti_zh/analog/powermanagement/power_

portal.page

www.ti.com.cn/product/cn/TPS61170
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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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