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LMR62421 采用 SOT-23 封装的 SIMPLE SWITCHER® 24 V 输出电压、2.1 A 升压稳压器

文献编号：ZHCSA26A



LMR62421

October 31, 2011

SIMPLE SWITCHER® 24Vout, 2.1A Step-Up Voltage
Regulator in SOT-23
Features
■ Input voltage range of 2.7V to 5.5V

■ Output voltage up to 24V

■ Switch current up to 2.1A

■ 1.6 MHz switching frequency

■ Low shutdown Iq, 80 nA

■ Cycle-by-cycle current limiting

■ Internally compensated

■ Internal soft-start

■ SOT23-5 (2.92 x 2.84 x 1mm) and LLP-6 (3 x 3 x 0.8 mm)
packaging

■ Fully enabled for WEBENCH® Power Designer

Performance Benefits
■ Extremely easy to use

■ Tiny overall solution reduces system cost

Applications
■ Boost / SEPIC Conversions from 3.3V, 5V Rails

■ Space Constrained Applications

■ Embedded Systems

■ LCD Displays

■ LED Applications

System Performance

Efficiency vs Load Current
VOUT = 20V

30167212

Efficiency vs Load Current
VOUT = 12V

30167214

Typical Application

30167201

© 2011 Texas Instruments Incorporated 301672 www.ti.com
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特性
• 输入电压范围：2.7 V至 5.5 V
• 输出电压高达 24 V
• 开关电流高达 2.1 A
• 1.6 MHz 开关频率

• 低停机静态电流 (Iq)：80 nA
• 逐周期电流限制

• 内部补偿

• 内部软起动

• SOT23-5 封装 (2.92 x 2.84 x 1 mm) 和 LLP-6 封装 (3 x 3 x 0.8 mm)
• 得到 WEBENCH® Power Designer 工具的全面支持

系统性能

典型应用

性能优势
• 易用性极佳

• 纤巧的总体解决方案降低了系统成本

应用
• 从 3.3 V、5 V 电源轨的升压 / SEPIC 转换

• 空间受限型应用

• 嵌入式系统

• LCD 显示器

• LED 应用

效率与负载电流的关系曲线

VOUT = 20 V
效率与负载电流的关系曲线

VOUT = 12 V

LM5045

January 18, 2012

Full-Bridge PWM Controller with Integrated MOSFET
Drivers
General Description
The LM5045 PWM controller contains all of the features nec-
essary to implement Full-Bridge topology power converters
using either current mode or voltage mode control. This de-
vice is intended to operate on the primary side of an isolated
dc-dc converter with input voltage up to 100V. This highly in-
tegrated controller-driver provides dual 2A high and low side
gate drivers for the four external brige MOSFETs plus control
signals for the secondary side synchronous rectifier MOS-
FETs. External resistors program the leading and trailing
edge dead-time between the main and synchronous rectifier
control signals. Intelligent startup of the synchronous recti-
fiers allows monotonic turn-on of the power converter even
with pre-bias load conditions. Additional features include cy-
cle-by-cycle current limiting, hiccup mode restart, pro-
grammable soft-start, synchronous rectifier soft-start and a 2
MHz capable oscillator with synchronization capability and
thermal shutdown.

Features
■ Highest Integration Controller for Small Form Factor, High

Density Power Converters

■ High Voltage Start-up Regulator

■ Intelligent Sync Rectifier Start-up Allows Linear Turn-on
into Pre-biased Loads

■ Synchronous Rectifiers Disabled in UVLO mode and
Hiccup Mode

■ Two Independent, Programmable Synchronous Rectifier
dead-time Adjustments

■ Four High Current 2A Bridge Gate Drivers

■ Wide-Bandwidth Opto-coupler Interface

■ Configurable for either Current Mode or Voltage Mode
Control

■ Dual-mode Over-Current Protection

■ Resistor Programmed 2MHz Oscillator

■ Programmable Line UVLO and OVP

Packages
■ eTSSOP-28

■ LLP-28 (5mm x 5mm)

Simplified Full-Bridge Power Converter

30145401

© 2012 Texas Instruments Incorporated 301454 SNVS699F www.ti.com
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Connection Diagrams

Top View

30167203

5-Pin SOT23

Top View

30167204

6-Pin LLP

Ordering Information

Order Number Description Package Type Package Drawing Supplied As

LMR62421XMFE

1.6 MHz

SOT23-5 MF05A

250 Units on Tape & Reel

LMR62421XMF 1000 Units on Tape & Reel

LMR62421XMFX 3000 Units on Tape & Reel

LMR62421XSDE

LLP-6 SDE06A

250 Units on Tape & Reel

LMR62421XSD 1000 Units on Tape & Reel

LMR62421XSDX 4500 Units on Tape & Reel
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5 引脚 SOT23 封装

连线图

订购信息

订购编号 说明 封装类型 封装图例 装运方式

LMR62421XMFE

1.6 MHz

SOT23-5 MF05A

250，带装和卷装

LMR62421XMF 1000，带装和卷装

LMR62421XMFX 3000，带装和卷装

LMR62421XSDE

LLP-6 SDE06A

250，带装和卷装

LMR62421XSD 1000，带装和卷装

LMR62421XSDX 4500，带装和卷装

顶视图 顶视图

6 引脚 LLP 封装



Pin Descriptions - 5-Pin SOT23
Pin Name Function

1 SW Switch node. Connect to the inductor, output diode.

2 GND
Signal and power ground pin. Place the bottom resistor of the feedback network as close as possible to this
pin.

3 FB Feedback pin. Connect FB to external resistor divider to set output voltage.

4 EN
Shutdown control input. Logic high enables operation. Do not allow this pin to float or be greater than VIN +
0.3V.

5 VIN Supply voltage for power stage, and input supply voltage.

Pin Descriptions - 6-Pin LLP
Pin Name Function

1 PGND Power ground pin. Place PGND and output capacitor GND close together.

2 VIN Supply voltage for power stage, and input supply voltage.

3 EN
Shutdown control input. Logic high enables operation. Do not allow this pin to float or be greater than VIN +
0.3V.

4 FB Feedback pin. Connect FB to external resistor divider to set output voltage.

5 AGND
Signal ground pin. Place the bottom resistor of the feedback network as close as possible to this pin & pin
4.

6 SW Switch node. Connect to the inductor, output diode.

DAP GND
Signal & Power ground. Connect to pin 1 & pin 5 on top layer. Place 4-6 vias from DAP to bottom layer GND
plane.

3 www.ti.com
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引脚说明－5 引脚 SOT23 封装

引脚 名称 功能

1 SW 开关节点。连接至电感器、输出二极管。

2 GND 信号地和电源地引脚。将反馈网络的底端电阻器布设在尽可能靠近该引脚的地方。

3 FB 反馈引脚。把 FB 连接至外部电阻分压器以设定输出电压。

4 EN 关断控制输入。当该引脚为逻辑高电平时，将使能器件操作。不得允许此引脚浮置或高于 VIN + 0.3 V。

5 VIN 用于功率级的电源电压，和输入电源电压。

引脚说明－6 引脚 LLP 封装

引脚 名称 功能

1 PGND 电源地引脚。将 PGND 和输出电容器 GND 靠近布设。

2 VIN 用于功率级的电源电压，和输入电源电压。

3 EN 关断控制输入。当该引脚为逻辑高电平时，将使能器件操作。不得允许此引脚浮置或高于 VIN + 0.3 V。

4 FB 反馈引脚。把 FB 连接至外部电阻分压器以设定输出电压。

5 AGND 信号地引脚。将反馈网络的底端电阻器布设在尽可能靠近该引脚和引脚 4 的地方。

6 SW 开关节点。连接至电感器、输出二极管。

DAP GND 信号地和电源地。将引脚 1 和引脚 5 连接至顶层。在 DAP 和底层 GND 平面之间布设 4 至 6 个过孔。



Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the Texas Instruments Sales Office/
Distributors for availability and specifications.

VIN -0.5V to 7V
SW Voltage -0.5V to 26.5V
FB Voltage -0.5V to 3.0V
EN Voltage -0.5V to VIN + 0.3V
ESD Susceptibility (Note 6) 2kV
Junction Temperature (Note 2) 150°C

Storage Temp. Range -65°C to 150°C
For soldering specifications:
see product folder at www.national.com and
www.national.com/ms/MS/MS-SOLDERING.pdf
 

 

Operating Ratings (Note 1)

VIN 2.7V to 5.5V
VEN (Note 7) 0V to VIN

Junction Temperature Range −40°C to +125°C

Electrical Characteristics (Note 3), (Note 4)  Limits in standard type are for TJ = 25°C only; limits in boldface
type apply over the junction temperature range of (TJ = -40°C to 125°C). Minimum and Maximum limits are guaranteed through
test, design, or statistical correlation. Typical values represent the most likely parametric norm at TJ = 25°C, and are provided for
reference purposes only. VIN = 5V unless otherwise indicated under the Conditions column.

Symbol Parameter Conditions Min Typ Max Units

VFB Feedback Voltage

−40°C ≤ to TJ ≤ +125°C (SOT23-5) 1.230 1.255 1.280

V
0°C ≤ to TJ ≤ +125°C (SOT23-5) 1.236 1.255 1.274

−40°C ≤ to TJ ≤ +125°C (LLP-6) 1.225 1.255 1.285

−0°C ≤ to TJ ≤ +125°C (LLP-6) 1.229 1.255 1.281

ΔVFB/VIN Feedback Voltage Line Regulation VIN = 2.7V to 5.5V  0.06  %/V

IFB Feedback Input Bias Current   0.1 1 µA

FSW Switching Frequency  1200 1600 2000 kHz

DMAX Maximum Duty Cycle  88 96  %

DMIN Minimum Duty Cycle   5  %

RDS(ON) Switch On Resistance
SOT23-5  170 330

mΩ
LLP-6  190 350

ICL Switch Current Limit  2.1 3  A

SS Soft Start   4  ms

IQ
Quiescent Current (switching)   7.0 11 mA

Quiescent Current (shutdown) VEN = 0V  80  nA

UVLO
Undervoltage Lockout VIN Rising  2.3 2.65 V

VIN Falling 1.7 1.9  

VEN_TH
Shutdown Threshold Voltage (Note 7)   0.4

V
Enable Threshold Voltage (Note 7) 1.8   

I-SW Switch Leakage VSW = 24V  1.0  µA

I-EN Enable Pin Current Sink/Source  100  nA
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最大绝对额定值（注 1）

如果需要符合军用 / 航空航天要求的器件，请与德州仪器的

销售办事处/分销商联系，以了解供货情况与技术规格。
如需了解焊接规范，可通过以下网址参阅产品文件夹：

www.national.com 和 
www.national.com/ms/MS/MS-SOLDERING.pdf

电特性  （注 3）、（注 4）   采用标准字体表示的规格仅适用于 TJ = 25℃ 的温度条件；采用粗体字表示的极限值适用于整个结温范围（TJ 

= －40℃ 至 125℃)。表中给出的“最小”和“最大”规格限值由测试、设计或统计相关来保证。典型值代表 TJ = 25℃ 条件下最可能采用

的参数标准，这里仅供参考。在“条件”栏中，除非另有说明，否则 VIN = 5 V。

VIN －0.5 V 至 7 V

SW 电压 －0.5 V 至 26.5 V

FB 电压 －0.5 V 至 3.0 V

EN 电压 －0.5 V 至 VIN + 0.3 V

ESD 敏感度（注 6） 2 kV

结温（注 2） 150℃

贮存温度范围 －65℃ 至 150℃

工作额定值（注 1）

VIN 2.7 V 至 5.5 V
VEN（注 7） 0 V 至 VIN

结温范围 －40℃ 至 ＋125℃

符号 参数 条件 最小值 典型值 最大值 单位

VFB 反馈电压

－40℃ ≤ TJ ≤ ＋125℃（SOT-23 封装） 1.230 1.255 1.280

V

0℃ ≤ TJ ≤ ＋125℃（SOT-23 封装） 1.236 1.255 1.274

－40℃ ≤ TJ ≤ ＋125℃（LLP-6 封装） 1.225 1.255 1.285

0℃ ≤ TJ ≤ ＋125℃（LLP-6 封装） 1.229 1.255 1.281

ΔVFB / VIN 反馈电压调节 VIN = 2.7 V 至 5.5 V 0.06 % / V

IFB 反馈输入偏置电流 0.1 1 μA

FSW 开关频率 1200 1600 2000 kHz

DMAX 最大占空比 88 96 %

DMIN 最小占空比 5 %

RDS(ON) 接通电阻

SOT23-5 封装 170 330

mΩLLP-6 封装 190 350

ICL 开关电流限值 2.1 3 A

SS 软起动 4 ms

IQ

静态电流（开关操作时） 7.0 11 mA

静态电流（关断时） VEN = 0 V 80 nA

UVLO 欠压闭锁

VIN 逐渐上升 2.3 2.65

VVIN 逐渐下降 1.7 1.9

VEN_TH

关断门限电压 （注 7） 0.4

V使能门限电压 （注 7） 1.8

I-SW 开关漏电流 VSW = 24 V 1.0 μA

I-EN 使能引脚电流 灌/拉 100 nA



Symbol Parameter Conditions Min Typ Max Units

θJA
Junction to Ambient
0 LFPM Air Flow (Note 5)

LLP-6  80  
°C/W

SOT23-5  118  

θJC Junction to Case
LLP-6  18  

°C/W
SOT23-5  60  

TSD Thermal Shutdown Temperature (Note 2)   160  °C

Thermal Shutdown Hysteresis   10  

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see Electrical Characteristics.

Note 2: Thermal shutdown will occur if the junction temperature exceeds the maximum junction temperature of the device.

Note 3: Min and Max limits are 100% production tested at 25°C. Limits over the operating temperature range are guaranteed through correlation using Statistical
Quality Control (SQC) methods. Limits are used to calculate National’s Average Outgoing Quality Level (AOQL).

Note 4: Typical numbers are at 25°C and represent the most likely parametric norm.

Note 5: Applies for packages soldered directly onto a 3” x 3” PC board with 2oz. copper on 4 layers in still air.

Note 6: The human body model is a 100 pF capacitor discharged through a 1.5 kΩ resistor into each pin.

Note 7: Do not allow this pin to float or be greater than VIN +0.3V.

5 www.ti.com
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符号 参数 条件 最小值 典型值 最大值 单位

θJA

结点至环境

0 LFPM 气流（注 5）

LLP-6 封装 80
℃/W

SOT23-5 封装 118

θJC 结点至外壳
LLP-6 封装 18

℃/W
SOT23-5 封装 60

TSD

过热关断温度（注 2） 160
℃

过热关断迟滞 10

注 1：最大绝对额定值为极限值，在超过这些限值的条件下工作有可能损坏器件。工作范围系指器件预期的运行条件，但在这些条件下

器件的特定性能限值有可能得不到保证。如需了解有保证的规格指标及测试条件，请参阅“电特性”。

注 2：如果结温超过了器件的最大结温，则热关断电路将动作。

注 3：“最小”和“最大”极限值在 25℃ 温度条件下进行了全面的生产测试。工作温度范围内的极限值通过采用“统计质量控制 
(SQC)”法的相关性来保证。这些极限值用于计算 TI 的平均出厂质量水平 (AOQL)。

注 4：典型值针对 25℃ 的温度条件，并代表最可能采用的参数标准。

注 5：适用于在静止空气中直接焊接至一块 3” x 3” PC 板（4 层，敷有 2 盎司铜箔）的封装。

注 6：人体模型指的是一个 100 pF 电容器通过一个 1.5 kΩ 电阻器向每个引脚放电。

注 7：不得允许此引脚浮置或高于 VIN + 0.3 V。



Typical Performance Characteristics

Current Limit vs Temperature

30167206

FB Pin Voltage vs Temperature

30167207

Oscillator Frequency vs Temperature

30167208

Typical Maximum Output Current vs VIN

30167210

RDSON vs Temperature

30167211

Efficiency vs Load Current, Vo = 20V

30167212
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典型性能特征

电流限值与温度的关系曲线 FB 引脚电压与温度的关系曲线

典型最大输出电流与 VIN 的关系曲线振荡器频率与温度的关系曲线

RDSON 与温度的关系曲线 效率与负载电流的关系曲线，VO = 20 V



Efficiency vs Load Current, Vo = 12V

30167214

Output Voltage Load Regulation

30167216

Output Voltage Line Regulation

30167217

7 www.ti.com
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效率与负载电流的关系曲线，VO = 12 V 输出电压负载调节

输出电压调节



Simplified Internal Block Diagram

30167218

FIGURE 1. Simplified Block Diagram

General Description
The LMR62421 is an easy-to-use, space-efficient 2.1A low-
side switch regulator ideal for Boost and SEPIC DC-DC reg-
ulation. It provides all the active functions to provide local DC/
DC conversion with fast-transient response and accurate reg-
ulation in the smallest PCB area. Switching frequency is
internally set to 1.6 MHz, allowing the use of extremely small
surface mount inductor and chip capacitors while providing
efficiencies near 90%. Current-mode control and internal
compensation provide ease-of-use, minimal component
count, and high-performance regulation over a wide range of
operating conditions. External shutdown features an ultra-low
standby current of 80 nA ideal for portable applications. Tiny
SOT23-5 and LLP-6 packages provide space-savings. Addi-
tional features include internal soft-start, circuitry to reduce
inrush current, pulse-by-pulse current limit, and thermal shut-
down.

Application Information
THEORY OF OPERATION
The following operating description of the LMR62421 will refer
to the Simplified Block Diagram (Figure 1) the simplified

schematic (Figure 2), and its associated waveforms (Figure
3). The LMR62421 supplies a regulated output voltage by
switching the internal NMOS control switch at constant fre-
quency and variable duty cycle. A switching cycle begins at
the falling edge of the reset pulse generated by the internal
oscillator. When this pulse goes low, the output control logic
turns on the internal NMOS control switch. During this on-
time, the SW pin voltage (VSW) decreases to approximately
GND, and the inductor current (IL) increases with a linear
slope. IL is measured by the current sense amplifier, which
generates an output proportional to the switch current. The
sensed signal is summed with the regulator’s corrective ramp
and compared to the error amplifier’s output, which is propor-
tional to the difference between the feedback voltage and
VREF. When the PWM comparator output goes high, the out-
put switch turns off until the next switching cycle begins.
During the switch off-time, inductor current discharges
through diode D1, which forces the SW pin to swing to the
output voltage plus the forward voltage (VD) of the diode. The
regulator loop adjusts the duty cycle (D) to maintain a con-
stant output voltage .

www.ti.com 8
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简化的内部方框图

图 1：简化方框图

一般说明
LMR62421 是一款简单易用且空间利用率很高的 2.1 A 低端开关

稳压器，非常适合于升压和 SEPIC DC-DC 调节。该器件拥有在

尽可能小的 PCB 面积内提供局部 DC/DC 转换以及快速瞬态响

应和准确调节所需的全部主动功能。开关频率在内部设定为 1.6 
MHz，因而允许使用极小的表面贴装型电感器和片式电容器，同

时实现了接近 90% 的效率。电流模式控制和内部补偿提供了易

用性、极少的组件数量以及众多操作条件下的高性能稳压。外部

关断电路具有 80 nA 的超低待机电流，非常适合便携式应用。纤

巧的 SOT23-5 和 LLP-6 封装可节省空间。这款器件的其他特点

还包括用于减小浪涌电流的内部软起动电路、逐脉冲电流限制和

热关断功能。

应用信息

工作原理

下面有关 LMR62421 工作原理的说明将参照“简化方框图”

（图 1）、简化原理图（图 2）及其相关波形（图 3）。通过

以恒定的频率和可变的占空比切换内部  NMOS 控制开关，

LMR62421 可提供一个稳定的输出电压。开关周期起始于由内部

振荡器生成的复位脉冲的下降沿。当该脉冲走低时，输出控制逻

辑电路将接通内部 NMOS 控制开关。在此导通时间里，SW 引
脚电压 (VSW) 降低接近 GND，而电感器电流 (IL) 则以线性斜率增

大。IL 由电流检测放大器负责测量，该放大器生成一个与开关电

流成正比的输出。检测信号与稳压器的校正斜坡信号相加，并与

误差放大器的输出（其与“反馈电压和 VREF 之差”成正比）进行

比较。当 PWM 比较器输出走高时，输出开关将断开，直到下一

个开关周期开始为止。在开关断开的时间里，电感器电流通过二

极管 D1 放电，这使 SW 引脚电压摆动至“输出电压 + 二极管的

正向电压 (VD)”。稳压器环路负责调节占空比 (D)，以保持一个

恒定的输出电压。



30167219

FIGURE 2. Simplified Schematic

30167220

FIGURE 3. Typical Waveforms

9 www.ti.com
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图 1：简化方框图

图 1：典型波形



CURRENT LIMIT
The LMR62421 uses cycle-by-cycle current limiting to protect
the internal NMOS switch. It is important to note that this cur-
rent limit will not protect the output from excessive current
during an output short circuit. The input supply is connected
to the output by the series connection of an inductor and a
diode. If a short circuit is placed on the output, excessive cur-
rent can damage both the inductor and diode.

Design Guide
ENABLE PIN / SHUTDOWN MODE
The LMR62421 has a shutdown mode that is controlled by
the Enable pin (EN). When a logic low voltage is applied to
EN, the part is in shutdown mode and its quiescent current
drops to typically 80 nA. Switch leakage adds up to another
1 µA from the input supply. The voltage at this pin should
never exceed VIN + 0.3V.

THERMAL SHUTDOWN
Thermal shutdown limits total power dissipation by turning off
the output switch when the IC junction temperature exceeds
160°C. After thermal shutdown occurs, the output switch
doesn’t turn on until the junction temperature drops to ap-
proximately 150°C.

SOFT-START
This function forces VOUT to increase at a controlled rate dur-
ing start up. During soft-start, the error amplifier’s reference
voltage ramps to its nominal value of 1.255V in approximately
4.0ms. This forces the regulator output to ramp up in a more
linear and controlled fashion, which helps reduce inrush cur-
rent.

INDUCTOR SELECTION
The Duty Cycle (D) can be approximated quickly using the
ratio of output voltage (VO) to input voltage (VIN):

Therefore:

Power losses due to the diode (D1) forward voltage drop, the
voltage drop across the internal NMOS switch, the voltage
drop across the inductor resistance (RDCR) and switching
losses must be included to calculate a more accurate duty
cycle (See Calculating Efficiency and Junction Temperature
for a detailed explanation). A more accurate formula for cal-
culating the conversion ratio is:

Where η equals the efficiency of the LMR62421 application.
The inductor value determines the input ripple current. Lower
inductor values decrease the size of the inductor, but increase
the input ripple current. An increase in the inductor value will
decrease the input ripple current.

30167224

FIGURE 4. Inductor Current

A good design practice is to design the inductor to produce
10% to 30% ripple of maximum load. From the previous equa-
tions, the inductor value is then obtained.

Where: 1/TS = FSW = switching frequency
One must also ensure that the minimum current limit (2.1A)
is not exceeded, so the peak current in the inductor must be
calculated. The peak current (ILPK ) in the inductor is calcu-
lated by:
 

ILpk = IIN + ΔIL
or

ILpk = IOUT / D' + ΔIL
 
When selecting an inductor, make sure that it is capable of
supporting the peak input current without saturating. Inductor
saturation will result in a sudden reduction in inductance and
prevent the regulator from operating correctly. Because of the
speed of the internal current limit, the peak current of the in-
ductor need only be specified for the required maximum input
current. For example, if the designed maximum input current
is 1.5A and the peak current is 1.75A, then the inductor should
be specified with a saturation current limit of >1.75A. There is
no need to specify the saturation or peak current of the in-
ductor at the 3A typical switch current limit.
Because of the operating frequency of the LMR62421, ferrite
based inductors are preferred to minimize core losses. This
presents little restriction since the variety of ferrite-based in-
ductors is huge. Lastly, inductors with lower series resistance
(DCR) will provide better operating efficiency. For recom-
mended inductors see Example Circuits.

INPUT CAPACITOR
An input capacitor is necessary to ensure that VIN does not
drop excessively during switching transients. The primary
specifications of the input capacitor are capacitance, voltage,
RMS current rating, and ESL (Equivalent Series Inductance).
The recommended input capacitance is 10 µF to 44 µF de-
pending on the application. The capacitor manufacturer
specifically states the input voltage rating. Make sure to check
any recommended deratings and also verify if there is any
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电流限制

LMR62421 采用逐周期电流限制以保护内部 NMOS 开关。需要重

点指出的是：该电流限制电路将不会为输出提供针对短路期间过

大电流的保护。输入电源通过一个电感器和一个二极管的串接而

连接至输出。假如输出端上出现短路，则过大的电流会把电感器

和二极管全部损坏。

设计指导

使能引脚/关断模式

LMR62421 具有一种受控于使能引脚 (EN) 的关断模式。当一个逻

辑低电压施加至 EN 时，器件将处于关断模式，而且其静态电流将

减小至 80 nA（典型值）。开关漏电流加起来从输入电源另外消耗 
1μA 电流。该引脚上的电压一定不得超过 VIN + 0.3 V。

热关断

当 IC 的结温超过 160℃ 时，热关断功能电路将通过断开输出开关

来限制总功率耗散。在过热关断之后，输出开关将在结温下降至

大约 150℃ 时才会接通。

软起动

该功能可使 VOUT 在启动期间以一个受控的速率增加。在软起动过

程中，误差放大器的基准电压在大约 4.0 ms 的时间里上升至其 
1.255 V 的标称值。这将强制稳压器输出以一种更加线性和受控的

形式斜坡上升，从而有助于减小浪涌电流。

电感器的选择

采用输出电压 (VO) 与输出电压 (VIN) 之比可快速求出占空比 (D) 的
近似值：

CURRENT LIMIT
The LMR62421 uses cycle-by-cycle current limiting to protect
the internal NMOS switch. It is important to note that this cur-
rent limit will not protect the output from excessive current
during an output short circuit. The input supply is connected
to the output by the series connection of an inductor and a
diode. If a short circuit is placed on the output, excessive cur-
rent can damage both the inductor and diode.

Design Guide
ENABLE PIN / SHUTDOWN MODE
The LMR62421 has a shutdown mode that is controlled by
the Enable pin (EN). When a logic low voltage is applied to
EN, the part is in shutdown mode and its quiescent current
drops to typically 80 nA. Switch leakage adds up to another
1 µA from the input supply. The voltage at this pin should
never exceed VIN + 0.3V.

THERMAL SHUTDOWN
Thermal shutdown limits total power dissipation by turning off
the output switch when the IC junction temperature exceeds
160°C. After thermal shutdown occurs, the output switch
doesn’t turn on until the junction temperature drops to ap-
proximately 150°C.

SOFT-START
This function forces VOUT to increase at a controlled rate dur-
ing start up. During soft-start, the error amplifier’s reference
voltage ramps to its nominal value of 1.255V in approximately
4.0ms. This forces the regulator output to ramp up in a more
linear and controlled fashion, which helps reduce inrush cur-
rent.

INDUCTOR SELECTION
The Duty Cycle (D) can be approximated quickly using the
ratio of output voltage (VO) to input voltage (VIN):

Therefore:

Power losses due to the diode (D1) forward voltage drop, the
voltage drop across the internal NMOS switch, the voltage
drop across the inductor resistance (RDCR) and switching
losses must be included to calculate a more accurate duty
cycle (See Calculating Efficiency and Junction Temperature
for a detailed explanation). A more accurate formula for cal-
culating the conversion ratio is:

Where η equals the efficiency of the LMR62421 application.
The inductor value determines the input ripple current. Lower
inductor values decrease the size of the inductor, but increase
the input ripple current. An increase in the inductor value will
decrease the input ripple current.

30167224

FIGURE 4. Inductor Current

A good design practice is to design the inductor to produce
10% to 30% ripple of maximum load. From the previous equa-
tions, the inductor value is then obtained.

Where: 1/TS = FSW = switching frequency
One must also ensure that the minimum current limit (2.1A)
is not exceeded, so the peak current in the inductor must be
calculated. The peak current (ILPK ) in the inductor is calcu-
lated by:
 

ILpk = IIN + ΔIL
or

ILpk = IOUT / D' + ΔIL
 
When selecting an inductor, make sure that it is capable of
supporting the peak input current without saturating. Inductor
saturation will result in a sudden reduction in inductance and
prevent the regulator from operating correctly. Because of the
speed of the internal current limit, the peak current of the in-
ductor need only be specified for the required maximum input
current. For example, if the designed maximum input current
is 1.5A and the peak current is 1.75A, then the inductor should
be specified with a saturation current limit of >1.75A. There is
no need to specify the saturation or peak current of the in-
ductor at the 3A typical switch current limit.
Because of the operating frequency of the LMR62421, ferrite
based inductors are preferred to minimize core losses. This
presents little restriction since the variety of ferrite-based in-
ductors is huge. Lastly, inductors with lower series resistance
(DCR) will provide better operating efficiency. For recom-
mended inductors see Example Circuits.

INPUT CAPACITOR
An input capacitor is necessary to ensure that VIN does not
drop excessively during switching transients. The primary
specifications of the input capacitor are capacitance, voltage,
RMS current rating, and ESL (Equivalent Series Inductance).
The recommended input capacitance is 10 µF to 44 µF de-
pending on the application. The capacitor manufacturer
specifically states the input voltage rating. Make sure to check
any recommended deratings and also verify if there is any
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于是：

CURRENT LIMIT
The LMR62421 uses cycle-by-cycle current limiting to protect
the internal NMOS switch. It is important to note that this cur-
rent limit will not protect the output from excessive current
during an output short circuit. The input supply is connected
to the output by the series connection of an inductor and a
diode. If a short circuit is placed on the output, excessive cur-
rent can damage both the inductor and diode.

Design Guide
ENABLE PIN / SHUTDOWN MODE
The LMR62421 has a shutdown mode that is controlled by
the Enable pin (EN). When a logic low voltage is applied to
EN, the part is in shutdown mode and its quiescent current
drops to typically 80 nA. Switch leakage adds up to another
1 µA from the input supply. The voltage at this pin should
never exceed VIN + 0.3V.

THERMAL SHUTDOWN
Thermal shutdown limits total power dissipation by turning off
the output switch when the IC junction temperature exceeds
160°C. After thermal shutdown occurs, the output switch
doesn’t turn on until the junction temperature drops to ap-
proximately 150°C.

SOFT-START
This function forces VOUT to increase at a controlled rate dur-
ing start up. During soft-start, the error amplifier’s reference
voltage ramps to its nominal value of 1.255V in approximately
4.0ms. This forces the regulator output to ramp up in a more
linear and controlled fashion, which helps reduce inrush cur-
rent.

INDUCTOR SELECTION
The Duty Cycle (D) can be approximated quickly using the
ratio of output voltage (VO) to input voltage (VIN):

Therefore:

Power losses due to the diode (D1) forward voltage drop, the
voltage drop across the internal NMOS switch, the voltage
drop across the inductor resistance (RDCR) and switching
losses must be included to calculate a more accurate duty
cycle (See Calculating Efficiency and Junction Temperature
for a detailed explanation). A more accurate formula for cal-
culating the conversion ratio is:

Where η equals the efficiency of the LMR62421 application.
The inductor value determines the input ripple current. Lower
inductor values decrease the size of the inductor, but increase
the input ripple current. An increase in the inductor value will
decrease the input ripple current.

30167224

FIGURE 4. Inductor Current

A good design practice is to design the inductor to produce
10% to 30% ripple of maximum load. From the previous equa-
tions, the inductor value is then obtained.

Where: 1/TS = FSW = switching frequency
One must also ensure that the minimum current limit (2.1A)
is not exceeded, so the peak current in the inductor must be
calculated. The peak current (ILPK ) in the inductor is calcu-
lated by:
 

ILpk = IIN + ΔIL
or

ILpk = IOUT / D' + ΔIL
 
When selecting an inductor, make sure that it is capable of
supporting the peak input current without saturating. Inductor
saturation will result in a sudden reduction in inductance and
prevent the regulator from operating correctly. Because of the
speed of the internal current limit, the peak current of the in-
ductor need only be specified for the required maximum input
current. For example, if the designed maximum input current
is 1.5A and the peak current is 1.75A, then the inductor should
be specified with a saturation current limit of >1.75A. There is
no need to specify the saturation or peak current of the in-
ductor at the 3A typical switch current limit.
Because of the operating frequency of the LMR62421, ferrite
based inductors are preferred to minimize core losses. This
presents little restriction since the variety of ferrite-based in-
ductors is huge. Lastly, inductors with lower series resistance
(DCR) will provide better operating efficiency. For recom-
mended inductors see Example Circuits.

INPUT CAPACITOR
An input capacitor is necessary to ensure that VIN does not
drop excessively during switching transients. The primary
specifications of the input capacitor are capacitance, voltage,
RMS current rating, and ESL (Equivalent Series Inductance).
The recommended input capacitance is 10 µF to 44 µF de-
pending on the application. The capacitor manufacturer
specifically states the input voltage rating. Make sure to check
any recommended deratings and also verify if there is any
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如需计算更加准确的占空比，则必须把由二极管 (D1) 的正向压

降、内部 NMOS 开关两端的压降、电感器电阻 (RDCR) 两端的压降

所引起的功率损耗以及开关损耗考虑在内（详细的说明请见“计

算效率和结温”）。一种用于计算转换比的更准确的公式为：

CURRENT LIMIT
The LMR62421 uses cycle-by-cycle current limiting to protect
the internal NMOS switch. It is important to note that this cur-
rent limit will not protect the output from excessive current
during an output short circuit. The input supply is connected
to the output by the series connection of an inductor and a
diode. If a short circuit is placed on the output, excessive cur-
rent can damage both the inductor and diode.

Design Guide
ENABLE PIN / SHUTDOWN MODE
The LMR62421 has a shutdown mode that is controlled by
the Enable pin (EN). When a logic low voltage is applied to
EN, the part is in shutdown mode and its quiescent current
drops to typically 80 nA. Switch leakage adds up to another
1 µA from the input supply. The voltage at this pin should
never exceed VIN + 0.3V.

THERMAL SHUTDOWN
Thermal shutdown limits total power dissipation by turning off
the output switch when the IC junction temperature exceeds
160°C. After thermal shutdown occurs, the output switch
doesn’t turn on until the junction temperature drops to ap-
proximately 150°C.

SOFT-START
This function forces VOUT to increase at a controlled rate dur-
ing start up. During soft-start, the error amplifier’s reference
voltage ramps to its nominal value of 1.255V in approximately
4.0ms. This forces the regulator output to ramp up in a more
linear and controlled fashion, which helps reduce inrush cur-
rent.

INDUCTOR SELECTION
The Duty Cycle (D) can be approximated quickly using the
ratio of output voltage (VO) to input voltage (VIN):

Therefore:

Power losses due to the diode (D1) forward voltage drop, the
voltage drop across the internal NMOS switch, the voltage
drop across the inductor resistance (RDCR) and switching
losses must be included to calculate a more accurate duty
cycle (See Calculating Efficiency and Junction Temperature
for a detailed explanation). A more accurate formula for cal-
culating the conversion ratio is:

Where η equals the efficiency of the LMR62421 application.
The inductor value determines the input ripple current. Lower
inductor values decrease the size of the inductor, but increase
the input ripple current. An increase in the inductor value will
decrease the input ripple current.

30167224

FIGURE 4. Inductor Current

A good design practice is to design the inductor to produce
10% to 30% ripple of maximum load. From the previous equa-
tions, the inductor value is then obtained.

Where: 1/TS = FSW = switching frequency
One must also ensure that the minimum current limit (2.1A)
is not exceeded, so the peak current in the inductor must be
calculated. The peak current (ILPK ) in the inductor is calcu-
lated by:
 

ILpk = IIN + ΔIL
or

ILpk = IOUT / D' + ΔIL
 
When selecting an inductor, make sure that it is capable of
supporting the peak input current without saturating. Inductor
saturation will result in a sudden reduction in inductance and
prevent the regulator from operating correctly. Because of the
speed of the internal current limit, the peak current of the in-
ductor need only be specified for the required maximum input
current. For example, if the designed maximum input current
is 1.5A and the peak current is 1.75A, then the inductor should
be specified with a saturation current limit of >1.75A. There is
no need to specify the saturation or peak current of the in-
ductor at the 3A typical switch current limit.
Because of the operating frequency of the LMR62421, ferrite
based inductors are preferred to minimize core losses. This
presents little restriction since the variety of ferrite-based in-
ductors is huge. Lastly, inductors with lower series resistance
(DCR) will provide better operating efficiency. For recom-
mended inductors see Example Circuits.

INPUT CAPACITOR
An input capacitor is necessary to ensure that VIN does not
drop excessively during switching transients. The primary
specifications of the input capacitor are capacitance, voltage,
RMS current rating, and ESL (Equivalent Series Inductance).
The recommended input capacitance is 10 µF to 44 µF de-
pending on the application. The capacitor manufacturer
specifically states the input voltage rating. Make sure to check
any recommended deratings and also verify if there is any
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式中的η 为 LMR62421 应用电路的效率。

电感值决定了输入纹波电流。较低的电感值虽可减小电感器的尺

寸，但会增大输入纹波电流。电感值的增大将减小输入纹波电

流。

上佳的设计惯例是将电感器设计为产生最大负载 10% 至 30% 的
纹波。利用前面的公式可求得电感值。

式中：1 / TS = FSW = 开关频率

必须确保不超过最小电流限值 (2.1 A)，于是必须计算电感器中的

峰值电流。电感器中的峰值电流 (ILPK) 由下式计算：

当选择电感器时，应确保其能在不发生饱和的情况下支持峰值输

出电流。电感器饱和将导致电感的突然降低，并妨碍稳压器的正

确操作。由于内部电流限制电路速度的原因，电感器的峰值电流

规格指标只需针对所需的最大输入电流拟订即可。例如：倘若设

计的最大输入电流为 1.5 A，且峰值电流为 1.75 A，则应规定电感

器具有一个大于 1.75 A 的饱和电流限值。没有必要将电感器的饱

和电流或峰值电流规格拟订在 3 A 的典型开关电流限值。

由于 LMR62421 工作频率的原因，应优先选择基于铁氧体的电感

器，以最大限度地减少磁芯损耗。这一要求所产生的限制微乎其

微，因为基于铁氧体的电感器品种繁多，选择余地很大。最后，

具有较低串联电阻 (DCR) 的电感器将提供更优越的工作效率。推

荐使用的电感器见“电路实例”。

输入电容器

需要采用一个输入电容器，以确保在开关瞬变期间 VIN 不会下降过

多。输入电容器的主要规格指标是电容、电压、RMS 额定电流和 
ESL（等效串联电感）。推荐的输入电容为 10μF 至 44μF（具体

数值取决于应用）。电容器制造商特别标明了额定输入电压。一

定要检查任何的建议降额，同时还需查验在工作输入电压和工作

温度条件下电容是否有任何明显的变化。 （接下页）

或

图 4：电感器电流



significant change in capacitance at the operating input volt-
age and the operating temperature. The ESL of an input
capacitor is usually determined by the effective cross sec-
tional area of the current path. At the operating frequencies
of the LMR62421, certain capacitors may have an ESL so
large that the resulting impedance (2πfL) will be higher than
that required to provide stable operation. As a result, surface
mount capacitors are strongly recommended. Multilayer ce-
ramic capacitors (MLCC) are good choices for both input and
output capacitors and have very low ESL. For MLCCs it is
recommended to use X7R or X5R dielectrics. Consult capac-
itor manufacturer datasheet to see how rated capacitance
varies over operating conditions.

OUTPUT CAPACITOR
The LMR62421 operates at frequencies allowing the use of
ceramic output capacitors without compromising transient re-
sponse. Ceramic capacitors allow higher inductor ripple with-
out significantly increasing output ripple. The output capacitor
is selected based upon the desired output ripple and transient
response. The initial current of a load transient is provided
mainly by the output capacitor. The output impedance will
therefore determine the maximum voltage perturbation. The
output ripple of the converter is a function of the capacitor’s
reactance and its equivalent series resistance (ESR):

When using MLCCs, the ESR is typically so low that the ca-
pacitive ripple may dominate. When this occurs, the output
ripple will be approximately sinusoidal and 90° phase shifted
from the switching action .
Given the availability and quality of MLCCs and the expected
output voltage of designs using the LMR62421, there is really
no need to review any other capacitor technologies. Another
benefit of ceramic capacitors is their ability to bypass high
frequency noise. A certain amount of switching edge noise
will couple through parasitic capacitances in the inductor to
the output. A ceramic capacitor will bypass this noise while a
tantalum will not. Since the output capacitor is one of the two
external components that control the stability of the regulator
control loop, most applications will require a minimum at 4.7
µF of output capacitance. Like the input capacitor, recom-
mended multilayer ceramic capacitors are X7R or X5R.
Again, verify actual capacitance at the desired operating volt-
age and temperature.

SETTING THE OUTPUT VOLTAGE
The output voltage is set using the following equation where
R1 is connected between the FB pin and GND, and R2 is
connected between VOUT and the FB pin.

30167229

FIGURE 5. Setting Vout

A good value for R1 is 10kΩ.

COMPENSATION
The LMR62421 uses constant frequency peak current mode
control. This mode of control allows for a simple external
compensation scheme that can be optimized for each appli-
cation. A complicated mathematical analysis can be complet-
ed to fully explain the LMR62421’s internal & external
compensation, but for simplicity, a graphical approach with
simple equations will be used. Below is a Gain & Phase plot
of a LMR62421 that produces a 12V output from a 5V input
voltage. The Bode plot shows the total loop Gain & Phase
without external compensation.

30167231

FIGURE 6. LMR62421 Without External Compensation

One can see that the Crossover frequency is fine, but the
phase margin at 0dB is very low (22°). A zero can be placed
just above the crossover frequency so that the phase margin
will be bumped up to a minimum of 45°. Below is the same
application with a zero added at 8 kHz.
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（续上页）  输入电容器的 ESL 常常取决于电流路径的有效截面

积。在 LMR62421 的工作频率下，某些电容器的 ESL 可能过大，

以至于最终的阻抗 (2πfL) 将高于实现稳定操作所需的数值。因

此，强烈建议采用表面贴装型电容器。不管是输入电容器还是输

出电容器，多层陶瓷电容器 (MLCC) 等都是上佳的选择，其具有

非常低的 ESL。就 MLCC 而言，建议使用 X7R 或 X5R 介质电容

器。请查阅电容器制造商的产品数据表，了解额定电容随工作条

件的变化情况。

输出电容器

LMR62421 的工作频率允许使用陶瓷输出电容器，而不会牺牲瞬

态响应性能。陶瓷电容器可容许较高的电感器纹波，且不会显著

增加输出纹波。输出电容器根据期望的输出纹波和瞬态响应来选

择。负载瞬变的初始电流主要由输出电容器提供。于是，输出阻

抗将决定最大电压扰动。转换器的输出纹波是电容器的电抗及其

等效串联电阻 (ESR) 的一个函数：

当采用 MLCC 时，ESR 往往非常之低，以至于电容性纹波有可能

占主导地位。当出现这种情况时，输出纹波将近似为正弦波，并

从开关动作移相 90°。

考虑到 MLCC 的供货情况及质量，以及采用 LMR62421 之设计的

预期输出电压，确实没有必要审查任何其他的电容器技术了。陶

瓷电容器的另一项优势是其能够旁路高频噪声。一定量的开关脉

冲边沿噪声将通过电感器中的寄生电容耦合至输出。陶瓷电容器

将旁路该噪声，而钽电容器则不会。由于输出电容器是负责控制

稳压器控制环路稳定性的两个外部组件之一，因此大多数应用将

需要一个 4.7μF 的最小输出电容。与输入电容器相似，输出电容

器推荐使用的多层陶瓷电容器也是 X7R 或 X5R 型的。同样，应查

验期望工作电压和温度条件下的实际电容。

设定输出电压

输出电压采用下面的公式设定，其中的 R1 连接在 FB 引脚和 GND 
之间，而 R2 则连接于 VOUT 和 FB 引脚之间。

补偿

LMR62421 采用恒定频率峰值电流模式控制。这种控制模式允许

采用可针对每种应用进行优化的简单外部补偿方案。通过一种复

杂的数学分析可以全面地说明 LMR62421 的内部和外部补偿，

但为了简单起见，我们将采用图示法和简单的计算公式。下面是 
LMR62421依靠一个 5 V 输入电压产生一个 12 V 输出时的增益和

相位曲线图。该博德图示出了未采用外部补偿时的总环路增益和

相位。

由图可见，交越频率良好，但  0dB 增益下的相位余量很低

（22°）。可以在刚刚高于交越频率的地方布设一个零点，这样

相位余量将骤增至 45°（最小值）。下图所示为相同的应用（在 
8 kHz 频率上增设了一个零点）。

significant change in capacitance at the operating input volt-
age and the operating temperature. The ESL of an input
capacitor is usually determined by the effective cross sec-
tional area of the current path. At the operating frequencies
of the LMR62421, certain capacitors may have an ESL so
large that the resulting impedance (2πfL) will be higher than
that required to provide stable operation. As a result, surface
mount capacitors are strongly recommended. Multilayer ce-
ramic capacitors (MLCC) are good choices for both input and
output capacitors and have very low ESL. For MLCCs it is
recommended to use X7R or X5R dielectrics. Consult capac-
itor manufacturer datasheet to see how rated capacitance
varies over operating conditions.

OUTPUT CAPACITOR
The LMR62421 operates at frequencies allowing the use of
ceramic output capacitors without compromising transient re-
sponse. Ceramic capacitors allow higher inductor ripple with-
out significantly increasing output ripple. The output capacitor
is selected based upon the desired output ripple and transient
response. The initial current of a load transient is provided
mainly by the output capacitor. The output impedance will
therefore determine the maximum voltage perturbation. The
output ripple of the converter is a function of the capacitor’s
reactance and its equivalent series resistance (ESR):

When using MLCCs, the ESR is typically so low that the ca-
pacitive ripple may dominate. When this occurs, the output
ripple will be approximately sinusoidal and 90° phase shifted
from the switching action .
Given the availability and quality of MLCCs and the expected
output voltage of designs using the LMR62421, there is really
no need to review any other capacitor technologies. Another
benefit of ceramic capacitors is their ability to bypass high
frequency noise. A certain amount of switching edge noise
will couple through parasitic capacitances in the inductor to
the output. A ceramic capacitor will bypass this noise while a
tantalum will not. Since the output capacitor is one of the two
external components that control the stability of the regulator
control loop, most applications will require a minimum at 4.7
µF of output capacitance. Like the input capacitor, recom-
mended multilayer ceramic capacitors are X7R or X5R.
Again, verify actual capacitance at the desired operating volt-
age and temperature.

SETTING THE OUTPUT VOLTAGE
The output voltage is set using the following equation where
R1 is connected between the FB pin and GND, and R2 is
connected between VOUT and the FB pin.

30167229

FIGURE 5. Setting Vout

A good value for R1 is 10kΩ.

COMPENSATION
The LMR62421 uses constant frequency peak current mode
control. This mode of control allows for a simple external
compensation scheme that can be optimized for each appli-
cation. A complicated mathematical analysis can be complet-
ed to fully explain the LMR62421’s internal & external
compensation, but for simplicity, a graphical approach with
simple equations will be used. Below is a Gain & Phase plot
of a LMR62421 that produces a 12V output from a 5V input
voltage. The Bode plot shows the total loop Gain & Phase
without external compensation.

30167231

FIGURE 6. LMR62421 Without External Compensation

One can see that the Crossover frequency is fine, but the
phase margin at 0dB is very low (22°). A zero can be placed
just above the crossover frequency so that the phase margin
will be bumped up to a minimum of 45°. Below is the same
application with a zero added at 8 kHz.
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图 5：设定 VOUT

图 6：未采用外部补偿的 LMR62421

R1 的合适阻值为 10kΩ。



30167232

FIGURE 7. LMR62421 With External Compensation

The simplest method to determine the compensation compo-
nent value is as follows.
Set the output voltage with the following equation.

Where R1 is the bottom resistor and R2 is the resistor tied to
the output voltage. The next step is to calculate the value of
C3. The internal compensation has been designed so that
when a zero is added between 5 kHz & 10 kHz the converter
will have good transient response with plenty of phase margin
for all input & output voltage combinations.

Lower output voltages will have the zero set closer to 10 kHz,
and higher output voltages will usually have the zero set clos-
er to 5 kHz. It is always recommended to obtain a Gain/Phase
plot for your actual application. One could refer to the Typical
applications section to obtain examples of working applica-
tions and the associated component values.
Pole @ origin due to internal gm amplifier:

FP-ORIGIN

Pole due to output load and capacitor:

This equation only determines the frequency of the pole for
perfect current mode control (CMC). I.e, it doesn’t take into
account the additional internal artificial ramp that is added to
the current signal for stability reasons. By adding artificial
ramp, you begin to move away from CMC to voltage mode
control (VMC). The artifact is that the pole due to the output
load and output capacitor will actually be slightly higher in fre-
quency than calculated. In this example it is calculated at 650
Hz, but in reality it is around 1 kHz.
The zero created with capacitor C3 & resistor R2:

30167229

FIGURE 8. Setting External Pole-Zero

There is an associated pole with the zero that was created in
the above equation.

It is always higher in frequency than the zero.
A right-half plane zero (RHPZ) is inherent to all boost con-
verters. One must remember that the gain associated with a
right-half plane zero increases at 20dB per decade, but the
phase decreases by 45° per decade. For most applications
there is little concern with the RHPZ due to the fact that the
frequency at which it shows up is well beyond crossover, and
has little to no effect on loop stability. One must be concerned
with this condition for large inductor values and high output
currents.

There are miscellaneous poles and zeros associated with
parasitics internal to the LMR62421, external components,
and the PCB. They are located well over the crossover fre-
quency, and for simplicity are not discussed.

PCB Layout Considerations
When planning layout there are a few things to consider when
trying to achieve a clean, regulated output. The most impor-
tant consideration when completing a Boost Converter layout
is the close coupling of the GND connections of the COUT ca-
pacitor and the LMR62421 PGND pin. The GND ends should
be close to one another and be connected to the GND plane
with at least two through-holes. There should be a continuous
ground plane on the bottom layer of a two-layer board. The
FB pin is a high impedance node and care should be taken to
make the FB trace short to avoid noise pickup and inaccurate
regulation. The feedback resistors should be placed as close
as possible to the IC, with the AGND of R1 placed as close
as possible to the GND (pin 5 for the LLP) of the IC. The
VOUT trace to R2 should be routed away from the inductor and
any other traces that are switching. High AC currents flow
through the VIN, SW and VOUT traces, so they should be as
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图 7：采用外部补偿的 LMR62421

图 8：设定外部极点-零点

确定补偿组件值的最简单方法如下。

采用下式设定输出电压：
有一个与上式产生的零点相关联的极点。

其频率始终比零点的高。

右半平面零点 (RHPZ) 是所有升压转换器所固有的。必须牢记的

是：与右半平面相关的增益按 20dB/10 倍频程上升，但相位则

按 45°/10 倍频程下降。对于大多数应用而言人们都极少担心 
RHPZ，这基于以下事实：它所出现的频率远远高于交越频率，而

且对环路稳定性的影响微乎其微（甚至完全没有影响）。而对于

大电感值和高输出电流，则必须关心这一情况。

与 LMR62421 内部的寄生元件、外部组件和 PCB 相关的极点和

零点各种各样。它们均位于远高于交越频率的频率上，这里为简

单起见就不做讨论了。

PCB 布局考虑因素

当试图实现一个干净、稳定的输出时，在规划布局的时候就必需

考虑一些事项。在完成升压转换器布局时最重要的考虑因素就是 
COUT 电容器的 GND 接线与 LMR62421 PGND 引脚的紧密耦合。

这些 GND 端应彼此靠近，并通过至少两个通孔连接至 GND 平
面。在双层电路板的底层上应具有一个连续的接地平面。FB 引脚

是一个高阻抗节点，并且应谨慎地使 FB 走线简短以避免噪声捡拾

和不准确的稳压。反馈电阻器应尽可能布设在靠近 IC 的地方，并

使 R1 的 AGND 尽量靠近 IC 的 GND（LLP 封装的引脚 5）。至 
R2 的 VOUT 走线在布设时应远离电感器和任何其他正在进行开关操

作的走线。高的 AC 电流会流过 VIN、SW 和 VOUT 走线，因此这些

走线应尽可能地简短和宽阔。 （接下页）

其中，R1 是底端电阻器，R2 是连接至输出电压的电阻器。下一

步是计算 C3 的数值。内部补偿的设计目标是：当在 5 kHz 和 10 
kHz 之间增添一个零点时，转换器将具有优良的瞬态响应，并可

针对所有的输入和输出电压组合提供充裕的相位余量。

较低的输出电压将具有设定在较靠近 10 kHz 的零点，而较高的输

出电压则通常将具有设定在较靠近 5 kHz 的零点。始终建议获得

一幅针对您实际应用的增益/相位曲线图。读者可以参阅“典型应

用”部分，了解一些有效应用电路及其相关组件值的实例。

因内部 gm 放大器而产生的位于原点的极点：

FP-ORIGIN

因输出负载和电容器而产生的极点

该公式只是确定了理想电流模式控制 (CMC) 情况下的极点频率，

就是说：它并未把出于稳定性原因而添加至电流信号的附加内部

人为斜坡 (artificial ramp) 考虑在内。通过添加人为斜坡，您将开

始从 CMC 转移至电压模式控制 (VMC)。人为干预的结果是：因

输出负载和输出电容器而产生的极点其频率实际上将比计算值略

高。在本例中，其计算值为 650 Hz，而事实上则在 1 kHz 左右。

利用电容器 C3 和电阻器 R2 产生的零点：



short and wide as possible. However, making the traces wide
increases radiated noise, so the designer must make this
trade-off. Radiated noise can be decreased by choosing a
shielded inductor. The remaining components should also be
placed as close as possible to the IC. Please see Application
Note AN-1229 for further considerations and the LMR62421
demo board as an example of a good layout.

SEPIC Converter
The LMR62421 can easily be converted into a SEPIC con-
verter. A SEPIC converter has the ability to regulate an output
voltage that is either larger or smaller in magnitude than the
input voltage. Other converters have this ability as well (CUK
and Buck-Boost), but usually create an output voltage that is
opposite in polarity to the input voltage. This topology is a
perfect fit for Lithium Ion battery applications where the input
voltage for a single cell Li-Ion battery will vary between 3V &
4.5V and the output voltage is somewhere in between. Most
of the analysis of the LMR62421 Boost Converter is applica-
ble to the LMR62421 SEPIC Converter.
SEPIC Design Guide:
SEPIC Conversion ratio without loss elements:

Therefore:

Small ripple approximation:
In a well-designed SEPIC converter, the output voltage, and
input voltage ripple, the inductor ripple and is small in com-
parison to the DC magnitude. Therefore it is a safe approxi-
mation to assume a DC value for these components. The
main objective of the Steady State Analysis is to determine
the steady state duty-cycle, voltage and current stresses on
all components, and proper values for all components.
In a steady-state converter, the net volt-seconds across an
inductor after one cycle will equal zero. Also, the charge into
a capacitor will equal the charge out of a capacitor in one cy-
cle.
Therefore:

Substituting IL1 into IL2

The average inductor current of L2 is the average output load.

30167263

FIGURE 9. Inductor Volt-Sec Balance Waveform

Applying Charge balance on C1:

Since there are no DC voltages across either inductor, and
capacitor C6 is connected to Vin through L1 at one end, or to
ground through L2 on the other end, we can say that
 

VC1 = VIN

 
Therefore:

This verifies the original conversion ratio equation.
It is important to remember that the internal switch current is
equal to IL1 and IL2. During the D interval. Design the converter
so that the minimum guaranteed peak switch current limit
(2.1A) is not exceeded.
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于是：

和

小纹波近似：

在设计精良的 SEPIC 转换器中，输出电压、输入电压纹波和电感

器纹波与 DC 值相比是很小的。因此对于这些组件取 DC 值是一种

安全的近似。稳态分析的主要目的是确定稳态占空比、所有组件

上的电压和电流应力以及所有组件的正确数值。

在稳态转换器中，电感器两端的净伏特-秒在一个周期之后将等于

零。而且，在一个周期中，流入电容器的电荷将等于流出电容器

的电荷。

于是：

（续上页）  然而，使走线宽阔将增加辐射噪声，因此设计人员必

须在这一点上进行权衡。辐射噪声可通过选择一个屏蔽式电感器

来减低。另外，其余的组件也应布设在尽可能靠近 IC 的位置。请

参见《应用笔记 AN-1229》，了解更多的布局考虑因素以及作为

优良布局范例之一的 LMR62421 演示板。

SEPIC 转换器
LMR62421 可以很容易地变换为一个 SEPIC 转换器。SEPIC 转
换器既能调节数值大于输入电压的输出电压，也能调节数值小于

输入电压的输出电压。其他的转换器也拥有这种能力（CUK 和
降压-升压型），但常常会产生一个与输入电压极性相反的输出电

压。该拓扑是锂离子电池应用的理想选择，在此类应用中，单节

锂离子电池的输入电压将在 3 V 和 4.5 V 之间变化，而且输出电压

的数值介于其间。LMR62421 升压转换器的大部分分析皆适用于 
LMR62421 SEPIC 转换器。

SEPIC 设计指导：

在没有损耗元件的情况下，SEPIC 转换比为：

将 IL1 代入 IL2

L2 的平均电感器电流为平均输出负载。

在 C1 上实施电荷平衡：

由于在任一电感器的两端均没有 DC 电压，而且电容器 C6 的一端

通过 L1 连接至 Vin，或者另一端通过 L2 连接至地，我们可以认

为：

这验证了最初的转换比公式。

应记住的是：在 D 间隔期间内部开关电流等于 IL1 和 IL2，这一点很

重要。转换器的设计应使最小保证峰值开关电流限值 (2.1 A) 不被

超过。

图 9：电感器伏特-秒平衡波形

于是：



30167280

FIGURE 10. SEPIC CONVERTER Schematic

Steady State Analysis with Loss
Elements

30167266

Using inductor volt-second balance & capacitor charge bal-
ance, the following equations are derived:

Therefore:

One can see that all variables are known except for the duty
cycle (D). A quadratic equation is needed to solve for D. A
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稳态分析（带损耗元件）

采用电感器伏特-秒平衡和电容器电荷平衡，推导出

下列公式：

和 于是：

可见，除了占空比 (D) 之外，所有的变量都是已知的。

需要采用一个二次方程式来求解 D。  （接下页）



less accurate method of determining the duty cycle is to as-
sume efficiency, and calculate the duty cycle.

30167290

Efficiencies for Typical SEPIC Application

SEPIC Converter PCB Layout
The layout guidelines described for the LMR62421 Boost-
Converter are applicable to the SEPIC Converter. Below is a
proper PCB layout for a SEPIC Converter.

30167272

FIGURE 11. SEPIC PCB Layout
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（续上页）  确定占空比有一种不太准确的方法，就是假

定效率，并计算占空比。

SEPIC 转换器 PCB 布局
为 LMR62421 升压转换器阐述的布局指导准则适用于 
SEPIC 转换器。下图示出了针对 SEPIC 转换器的正确 
PCB 布局。

典型 SEPIC 应用的效率

图 11：SEPIC PCB 布局



LLP Package
The LMR62421 packaged in the 6–pin LLP:

30167273

FIGURE 12. Internal LLP Connection

For certain high power applications, the PCB land may be
modified to a "dog bone" shape (see Figure 19). Increasing

the size of ground plane, and adding thermal vias can reduce
the RθJA for the application.

30167274

FIGURE 13. PCB Dog Bone Layout
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LLP 封装
LMR62421 采用 6 引脚 LLP 封装：

对于某些高功率应用，可以把 PCB 焊盘改为一种

“狗骨”的形状（见图 19）。通过增加接地平面
的尺寸并增设热过孔，便能减小应用的 RθJA。

图 12：LLP 封装的内部连线

图 13：PCB 狗骨布局



LMR62421 Design Example 1

30167275

Vin = 3V - 5V, Vout = 12V @ 500 mA

LMR62421 Design Example 2

30167278

Vin = 3V, Vout = 5V @ 500 mA
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LMR62421 设计实例一

LMR62421 设计实例二

Vin = 3 V 至 5 V，Vout = 12 V / 500 mA

Vin = 3 V，Vout = 5 V / 500 mA



LMR62421 Design Example 3

30167279

Vin = 3.3V, Vout = 20V @ 100 mA

LMR62421 SEPIC Design Example 4

30167281

Vin = 2.7V - 5V, Vout = 3.3V @ 500mA
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LMR62421 设计实例三

LMR62421 SEPIC 设计实例四

Vin = 3.3 V，Vout = 20 V / 100 mA

Vin = 2.7 V 至 5 V，Vout = 3.3 V / 500mA



P19

6 引脚 LLP 封装

NS 封装编号 SDE06A

推荐的焊盘图形

控制尺寸以英寸为单位
方括号 [ ] 内的数值以毫米为单位

圆括号 ( ) 内的尺寸仅供参考
5 引脚 SOT-23 封装

NS 封装编号 MF05A

Physical Dimensions inches (millimeters) unless otherwise noted

6-Lead LLP Package
NS Package Number SDE06A

5-Lead SOT23-5 Package
NS Package Number MF05A
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物理尺寸  图中标注尺寸的单位均为英寸（毫米），除非另有说明。

尺寸以毫米 (mm) 为单位

圆括号 ( ) 内的尺寸仅供参考

控制尺寸以英寸为单位
方括号 [ ] 内的数值以毫米为单位

圆括号 ( ) 内的尺寸仅供参考

推荐的焊盘图形

推荐的焊盘图形

6 引脚 LLP 封装

NS 封装编号 SDE06A

5 引脚 SOT-23 封装

NS 封装编号 MF05A



重要声明

德州仪器 (TI) 及其下属子公司保留依据 JESD46C 对所提供的半导体产品和服务进行更正、增强、改进或其它更改，并有权

依据 JESD48B 中止提供任何产品和服务的权利。客户在下订单前应获取最新的相关信息, 并验证这些信息是否完整且是最新

的。所有半导体产品（这里也被称作“组件”）的销售都遵循在订单确认时所提供的 TI 销售条款与条件。

TI 保证其所销售的组件的性能符合产品销售时 TI 半导体产品销售条件与条款的适用规范。仅在 TI 保证的范围内，且 TI 认为

有必要时才会使用测试或其它质量控制技术。除非适用法律做出了硬性规定，否则没有必要对每种组件的所有参数进行测试。

TI 对应用帮助或客户产品设计不承担任何义务。客户应对其使用 TI 组件的产品和应用自行负责。为尽量减小与客户产品和应

用相关的风险，客户应提供充分的设计与操作安全措施。

TI 不对任何 TI 专利权、版权、屏蔽作品权或其它与使用了 TI 组件或服务的组合设备、机器或流程相关的 TI 知识产权中授予

的直接或隐含权限作出任何保证或解释。TI 所发布的与第三方产品或服务有关的信息，不能构成从 TI 获得使用这些产品或服

务的许可、授权、或认可。使用此类信息可能需要获得第三方的专利权或其它知识产权方面的许可，或是 TI 的专利权或其它

知识产权方面的许可。

对于 TI 的产品手册或数据表中 TI 信息的重要部分，仅在没有对内容进行任何篡改且带有相关授权、条件、限制和声明的情况

下才允许进行复制。TI 对此类篡改过的文件不承担任何责任或义务。复制第三方的信息可能需要服从额外的限制条件。

在转售 TI 组件或服务时，如果对该组件或服务参数的陈述与 TI 标明的参数相比存在差异或虚假成分，则会失去相关 TI 组件

或服务的所有明示或暗示授权，且这是不正当的、欺诈性商业行为。TI 对任何此类虚假陈述均不承担任何责任或义务。

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 特别标示了符合 ISO/TS16949 要求的特定组件，此类组件主要针对汽车用途。凡未做如此标示的组件则并非设计或专门用

于汽车用途；如果客户在汽车应用中使用任何未被指定的产品，则 TI 对未能满足应用要求不承担任何责任。
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LM5045

January 18, 2012

Full-Bridge PWM Controller with Integrated MOSFET
Drivers
General Description
The LM5045 PWM controller contains all of the features nec-
essary to implement Full-Bridge topology power converters
using either current mode or voltage mode control. This de-
vice is intended to operate on the primary side of an isolated
dc-dc converter with input voltage up to 100V. This highly in-
tegrated controller-driver provides dual 2A high and low side
gate drivers for the four external brige MOSFETs plus control
signals for the secondary side synchronous rectifier MOS-
FETs. External resistors program the leading and trailing
edge dead-time between the main and synchronous rectifier
control signals. Intelligent startup of the synchronous recti-
fiers allows monotonic turn-on of the power converter even
with pre-bias load conditions. Additional features include cy-
cle-by-cycle current limiting, hiccup mode restart, pro-
grammable soft-start, synchronous rectifier soft-start and a 2
MHz capable oscillator with synchronization capability and
thermal shutdown.

Features
■ Highest Integration Controller for Small Form Factor, High

Density Power Converters

■ High Voltage Start-up Regulator

■ Intelligent Sync Rectifier Start-up Allows Linear Turn-on
into Pre-biased Loads

■ Synchronous Rectifiers Disabled in UVLO mode and
Hiccup Mode

■ Two Independent, Programmable Synchronous Rectifier
dead-time Adjustments

■ Four High Current 2A Bridge Gate Drivers

■ Wide-Bandwidth Opto-coupler Interface

■ Configurable for either Current Mode or Voltage Mode
Control

■ Dual-mode Over-Current Protection

■ Resistor Programmed 2MHz Oscillator

■ Programmable Line UVLO and OVP

Packages
■ eTSSOP-28

■ LLP-28 (5mm x 5mm)

Simplified Full-Bridge Power Converter

30145401

© 2012 Texas Instruments Incorporated 301454 SNVS699F www.ti.com
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TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LMR62421XMF/NOPB SOT-23 DBV 5 1000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

LMR62421XMFE/NOPB SOT-23 DBV 5 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

LMR62421XMFX/NOPB SOT-23 DBV 5 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3

LMR62421XSD/NOPB WSON NGG 6 1000 178.0 12.4 3.3 3.3 1.0 8.0 12.0 Q1

LMR62421XSDE/NOPB WSON NGG 6 250 178.0 12.4 3.3 3.3 1.0 8.0 12.0 Q1

LMR62421XSDX/NOPB WSON NGG 6 4500 330.0 12.4 3.3 3.3 1.0 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LMR62421XMF/NOPB SOT-23 DBV 5 1000 208.0 191.0 35.0

LMR62421XMFE/NOPB SOT-23 DBV 5 250 208.0 191.0 35.0

LMR62421XMFX/NOPB SOT-23 DBV 5 3000 208.0 191.0 35.0

LMR62421XSD/NOPB WSON NGG 6 1000 208.0 191.0 35.0

LMR62421XSDE/NOPB WSON NGG 6 250 208.0 191.0 35.0

LMR62421XSDX/NOPB WSON NGG 6 4500 367.0 367.0 35.0

PACKAGE MATERIALS INFORMATION
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重要声明和免责声明
TI“按原样”提供技术和可靠性数据（包括数据表）、设计资源（包括参考设计）、应用或其他设计建议、网络工具、安全信息和其他资源，
不保证没有瑕疵且不做出任何明示或暗示的担保，包括但不限于对适销性、某特定用途方面的适用性或不侵犯任何第三方知识产权的暗示担
保。
这些资源可供使用 TI 产品进行设计的熟练开发人员使用。您将自行承担以下全部责任：(1) 针对您的应用选择合适的 TI 产品，(2) 设计、验
证并测试您的应用，(3) 确保您的应用满足相应标准以及任何其他功能安全、信息安全、监管或其他要求。
这些资源如有变更，恕不另行通知。TI 授权您仅可将这些资源用于研发本资源所述的 TI 产品的应用。严禁对这些资源进行其他复制或展示。
您无权使用任何其他 TI 知识产权或任何第三方知识产权。您应全额赔偿因在这些资源的使用中对 TI 及其代表造成的任何索赔、损害、成
本、损失和债务，TI 对此概不负责。
TI 提供的产品受 TI 的销售条款或 ti.com 上其他适用条款/TI 产品随附的其他适用条款的约束。TI 提供这些资源并不会扩展或以其他方式更改 
TI 针对 TI 产品发布的适用的担保或担保免责声明。
TI 反对并拒绝您可能提出的任何其他或不同的条款。IMPORTANT NOTICE

邮寄地址：Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021，德州仪器 (TI) 公司


