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LMZ13610

LMZ13610 具有 36 V 最大输入电压的 10 A SIMPLE SWITCHER® 电源模块

文献编号：ZHCSA31C



LMZ13610
May 3, 2011

10A SIMPLE SWITCHER® Power Module with 36V
Maximum Input Voltage

Easy to use 11 pin package

30151301

TO-PMOD 11 Pin Package
15 x 17.79 x 5.9 mm (0.59 x 0.7 x 0.232 in)
θJA = 9.9 °C/W, θJC = 1.0 °C/W (Note 1)

RoHS Compliant

Electrical Specifications
■ 50W maximum total output power

■ Up to 10A output current

■ Input voltage range 6V to 36V

■ Output voltage range 0.8V to 6V

■ Efficiency up to 92%

Key Features
■ Integrated shielded inductor

■ Simple PCB layout

■ Fixed switching frequency (350 kHz)

■ Flexible startup sequencing using external soft-start,
tracking and precision enable

■ Protection against inrush currents and faults such as input
UVLO and output short circuit

■ – 40°C to 125°C junction temperature range

■ Single exposed pad and standard pinout for easy
mounting and manufacturing

■ Fully enabled for Webench® Power Designer

■ Pin compatible with LMZ22010/08, LMZ12010/08,
LMZ23610/08/06H, and LMZ13608/06H

Applications
■ Point of load conversions from 12V and 24V input rail

■ Time critical projects

■ Space constrained / high thermal requirement applications

■ Negative output voltage applications (See AN-2027)

Performance Benefits
■ High efficiency reduces system heat generation

■ Low radiated emissions (EMI) complies with EN55022
class B standard (Note 2)

■ Only 7 external components

■ Low output voltage ripple

■ No external heat sink required

System Performance

Efficiency VIN = 24V VOUT = 3.3V
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Note 1: θJA measured on a 75mm x 90mm four layer PCB.

Note 2: EN 55022:2006, +A1:2007, FCC Part 15 Subpart B.
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电气规格
• 总输出功率为 50 W（最大值）

• 输出电流高达 10 A
• 输入电压范围：6 V 至 36 V
• 输出电压范围：0.8 V 至 6 V
• 效率高达 92%

应用
• 从 12 V 和 24 V 输入电源轨的负载点转换

• 时间关键型项目

• 空间受限/高散热要求的应用

• 负输出电压应用（见 AN-2027）

注 1：θJA 在一块 75 mm x 90 mm 的 4 层 PCB 上进行测量。

注 2：EN 55022:2006，+A1:2007，FCC Part 15 Subpart B。

性能优势
• 高效率减少了系统的发热量

• 低辐射发射 (EMI) 性能符合 EN55022 B 类标准（注 2）

• 仅需 7 个外部组件

• 低输出电压纹波

• 无需外部散热器

系统性能

主要特性
• 集成型屏蔽式电感器

• 简单的 PCB 布局

• 固定的开关频率 (350 kHz)
• 采用外部软起动、跟踪和精准启用的灵活启动排序

• 针对浪涌电流以及诸如输入欠压闭锁 (UVLO) 和输出短路

等故障的保护

• －40℃ 至 125℃ 结温范围

• 单个裸露焊盘和标准引出脚配置可简化安装与制造

• 得到 WEBENCH® Power Designer 工具的全面支持

• 引脚可兼容  L M Z 2 2 010 / 0 8、 L M Z 1 2 010 / 0 8、

LMZ23610/08/06H 和 LMZ13608/06H

效率  VIN = 24 V，VOUT = 3.3 V

热降额曲线  
VIN = 24 V，VOUT = 3.3 V

简单易用的 11 引脚封装

TO-PMOD 11 引脚封装

15 x 17.79 x 5.9 mm（0.59 x 0.7 x 0.232 英寸）
θJA = 9.9℃/W，θJC = 1.0℃/W（注 1）

符合 RoHS 标准

顶视图 底视图



Simplified Application Schematic

30151308

Connection Diagram

30151309

Top View
11-Lead TO-PMOD

Ordering Information

Order Number Package Type NSC Package Drawing Supplied As

LMZ13610TZ TO-PMOD-11 TZA11A 32 Units in a Rail

LMZ13610TZE TO-PMOD-11 TZA11A 250 Units on Tape and Reel

www.national.com 2
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5 引脚 SOT23 封装

简化的应用原理图

连线图

订购信息

订购编号 封装类型 NSC 封装图例 装运方式

LMZ13610TZ TO-PMOD-11 TZA11A 32，导轨

LMZ13610TZE TO-PMOD-11 TZA11A 250，带装和卷装

顶视图

11 引脚 TO-PMOD 封装

顶视图

6 引脚 LLP 封装



Pin Descriptions

Pin Name Description

1, 2 VIN Supply input — Nominal operating range is 6V to 36V . A small amount of internal capacitance is contained within the
package assembly. Additional external input capacitance is required between this pin and PGND.

3, 5, 6 AGND Analog Ground — Reference point for all stated voltages. Must be externally connected to EP/PGND.

4 EN Enable — Input to the precision enable comparator. Rising threshold is 1.274V typical. Once the module is enabled,
a 20 uA source current is internally activated to accommodate programmable hysteresis.

7 FB Feedback — Internally connected to the regulation, over-voltage, and short-circuit comparators. The regulation
reference point is 0.8V at this input pin. Connect the feedback resistor divider between the output and AGND to set
the output voltage.

8 SS Soft-Start/Track input — To extend the 1.6 mSec internal soft-start connect an external soft start capacitor. For tracking
connect to an external resistive divider connected to a higher priority supply rail. See applications section.

9 NC No Connect. This pin must remain floating, do not ground.

10,
11

VOUT Output Voltage — Output from the internal inductor. Connect the output capacitor between this pin and PGND.

EP PGND Exposed Pad / Power Ground Electrical path for the power circuits within the module. — NOT Internally connected to
AGND / pin 5. Used to dissipate heat from the package during operation. Must be electrically connected to pin 5 external
to the package.

3 www.national.com
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引脚说明－5 引脚 SOT23 封装

引脚 名称 说明

1、2 VIN
电源输入 － 标称工作范围为 6 V 至 36 V。在封装组件内部包含一个小数值的内部电容。在该引脚

和 PGND 之间需要附加的外部输入电容。

3、5、6 AGND 模拟地 － 所有标注电压的参考点。必须在外部连接至 EP / PGND。

4 EN
使能 － 高精度使能比较器的输入。上升门限为 1.274 V（典型值）。当模块被使能时，即在内部启

动一个 20μA 源电流以提供可编程迟滞。

7 FB
反馈 － 在内部连接至调节、过压和短路比较器。在该输入引脚上，调节参考点为 0.8 V。将反馈电

阻分压器连接在输出与 AGND 之间以设定输出电压。

8 SS
软起动/跟踪输入 － 如需延长 1.6 ms 的内部软起动，可连接一个外部软起动电容器。如欲实施跟

踪，则连接至与一个具有较高优先级的电源轨相连的外部阻性分压器。见“应用”部分。

9 NC 未连接。该引脚必须处于浮置状态，不要接地。

10、11 VOUT 输出电压 － 来自内部电感器的输出。把输出电容器连接在该引脚和 PGND 之间。

EP PGND
裸露焊盘 / 用于模块内部电源电路的电源接地电气路径。－ 未在内部连接至 AGND / 引脚 5。用于

在操作期间将热量从封装散逸出去。它必须在封装的外部电连接至引脚 5。



Absolute Maximum Ratings (Note 3)

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

VIN to PGND -0.3V to 40V
EN to AGND -0.3V to 5.5V
SS, FB to AGND -0.3V to 2.5V
AGND to PGND -0.3V to 0.3V
Junction Temperature 150°C
Storage Temperature Range -65°C to 150°C

ESD Susceptibility (Note 4) ± 2 kV
For soldering specifications:
see product folder at www.national.com and
www.national.com/ms/MS/MS-SOLDERING.pdf

 

Operating Ratings (Note 3)

VIN 6V to 36V
EN 0V to 5.0V
Operation Junction Temperature −40°C to 125°C

Electrical Characteristics Limits in standard type are for TJ = 25°C only; limits in boldface type apply over the
junction temperature (TJ) range of -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.
Unless otherwise stated the following conditions apply: VIN = 12V, VOUT = 3.3V

Symbol Parameter Conditions
Min

(Note 5)
Typ

(Note 6)
Max

(Note 5)
Units

SYSTEM PARAMETERS

Enable Control

VEN EN threshold VEN rising 1.096 1.274 1.452 V

IEN-HYS EN hysteresis source current VEN > 1.274V  13  µA

Soft-Start

ISS SS source current VSS = 0V 40 50 60 µA

tSS Internal soft-start interval   1.6  msec

Current Limit

ICL Current limit threshold d.c. average 12.5   A

Internal Switching Oscillator

fosc Free-running oscillator
frequency

 314 359 404 kHz

Regulation and Over-Voltage Comparator

VFB In-regulation feedback voltage VSS >+ 0.8V

IO = 10A

0.775 0.795 0.815 V

VFB-OV Feedback over-voltage
protection threshold

  0.86  V

IFB Feedback input bias current   5  nA

IQ Non Switching Quiescent
Current

  3  mA

ISD Shut Down Quiescent Current VEN = 0V  32  μA

Dmax Maximum Duty Factor   85  %

Thermal Characteristics

TSD Thermal Shutdown Rising  165  °C

TSD-HYST Thermal shutdown hysteresis Falling  15  °C

θJA Junction to Ambient (Note 7) Natural Convection  9.9  °C/W

225 LFPM  6.8  

500 LFPM  5.2  

θJC Junction to Case   1.0  °C/W

PERFORMANCE PARAMETERS (Note 8)

ΔVO Output voltage ripple BW@ 20 MHz  24  mV PP

ΔVO/ΔVIN Line regulation VIN = 12V to 20V, IOUT= 10A  ±0.2  %

ΔVO/ΔIOUT Load regulation VIN = 12V, IOUT= 0.001A to 10A  1  mV/A

η Peak efficiency VIN = 12V VOUT = 3.3V IOUT = 5A  89.5  %

η Full load efficiency VIN = 12V VOUT = 3.3V IOUT = 10A  87.5  %
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最大绝对额定值（注 3）

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   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 －40℃ 至 ＋125℃ 的结温 (TJ) 范

围。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。除非另有规定，否则以下条件适用：VIN = 12 V，VOUT = 3.3 V。

VIN 对 PGND －0.3 V 至 40 V

EN 对 AGND －0.3 V 至 5.5 V

SS、FB 对 AGND －0.3 V 至 2.5 V

AGND 对 PGND －0.3 V 至 0.3 V

结温 150℃

贮存温度范围 －65℃ 至 150℃

ESD 敏感度（注 4） ±2 kV

工作额定值（注 3）

VIN 6 V 至 36 V
EN 0 V 至 5.0 V
工作结温 －40℃ 至 125℃

符号 参数 条件
最小值

（注 5）

典型值

（注 6）

最大值

（注 5）
单位

系统参数

使能控制

VEN EN 门限 VEN 逐渐上升 1.096 1.274 1.452 V

IEN-HYS EN 迟滞源电流 VEN > 1.274 V 13 μA
软起动

ISS SS 源电流 VSS = 0 V 40 50 60 μA

tSS 内部软起动间隔 1.6 msec
电流限值

ICL 电流限制门限 直流平均值 12.5 A
内部开关振荡器

fOSC 自由运行振荡器频率 314 359 404 kHz
调节和过压比较器

VFB 调节状态反馈电压
VSS > + 0.8 V
IO = 10 A

0.775 0.795 0.815 V

VFB-OV 反馈过压保护门限 0.86 V

IFB 反馈输入偏置电流 5 nA

IQ

未执行开关操作时的静态电

流
3 mA

ISD 关断模式静态电流 VEN = 0 V 32 μA

Dmax 最大占空因数 85 %
热特性

TSD 热关断 逐渐上升 165 ℃

TSD-HYST 热关断迟滞 逐渐下降 15 ℃

θJA 结点至环境（注 7）

空气自然对流 9.9
℃/W225 LFPM 6.8

500 LFPM 5.2
θJC 结点至外壳 1.0 ℃/W

性能参数（注 8）

ΔVO 输出电压纹波 带宽 (BW) 在 20 MHz 24 mV PP
ΔVO /ΔVIN 线路输入电压调节 VIN = 12 V 至 20 V，IOUT = 10 A ±0.2 %
ΔVO /ΔIOUT 负载调节 VIN = 12 V，IOUT = 0.001 A 至 10 A 1 mV/A

η 峰值效率 VIN = 12 V，VOUT = 3.3 V，IOUT = 5 A 89.5 %
η 满负载效率 VIN = 12 V，VOUT = 3.3 V，IOUT = 10 A 87.5 %



Note 3: Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which operation of the
device is intended to be functional. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 4: The human body model is a 100pF capacitor discharged through a 1.5 kΩ resistor into each pin. Test method is per JESD-22-114.

Note 5: 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 6: Typical numbers are at 25°C and represent the most likely parametric norm.

Note 7: Theta JA measured on a 3.0” x 3.5” four layer board, with two ounce copper on outer layers and one ounce copper on inner layers, two hundred and ten
12 mil thermal vias, and 2W power dissipation. Refer to evaluation board application note layout diagrams.

Note 8: Refer to BOM in Typical Application Bill of Materials — Table 1.

5 www.national.com
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注 3：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。工作额定值系指器件预期的运行条件。如需了解有保证

的规格指标及测试条件，请参阅“电特性”。

注 4：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。测试方法按照 JESD-22-114 标准执行。

注 5：“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 6：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 7：θJA 在一块 3.0”x 3.5” 的 4 层电路板上测量（在外层上采用两盎司铜，在内层上采用一盎司铜，210 个 12 密耳热过孔，2 W 功
率耗散）。参阅评估板应用笔记布局示意图。

注 8：参阅“典型应用材料清单 － 表 1”中的 BOM。



典型性能特征
除非另有说明，否则以下条件适用：VIN = 12 V；CIN = 3 x 10μF + 47 nF X7R 陶瓷；COUT = 2 x 330μF 特殊聚合物 + 47μF 陶瓷 
+ 47 nF 陶瓷；CFF = 4.7 nF；环境温度 = 25℃（针对波形）。所有的标示温度均为环境温度值。

效率（5.0 V 输出，在 25℃） 功率耗散（5.0 V 输出，在 25℃）

效率（3.3 V 输出，在 25℃） 功率耗散（3.3 V 输出，在 25℃）



效率（2.5 V 输出，在 25℃）

效率（1.8 V 输出，在 25℃）

效率（1.5 V 输出，在 25℃）

功率耗散（2.5 V 输出，在 25℃）

功率耗散（1.8 V 输出，在 25℃）

功率耗散（1.5 V 输出，在 25℃）



效率（1.2 V 输出，在 25℃）

效率（1.0 V 输出，在 25℃）

效率（5.0 V 输出，在 85℃）

功率耗散（1.2 V 输出，在 25℃）

功率耗散（1.0 V 输出，在 25℃）

功率耗散（5.0 V 输出，在 85℃）



效率（3.3 V 输出，在 85℃）

效率（2.5 V 输出，在 85℃）

效率（1.8 V 输出，在 85℃）

功率耗散（3.3 V 输出，在 85℃）

功率耗散（2.5 V 输出，在 85℃）

功率耗散（1.8 V 输出，在 85℃）



效率（1.5 V 输出，在 85℃）

效率（1.2 V 输出，在 85℃）

效率（1.0 V 输出，在 85℃）

功率耗散（1.5 V 输出，在 85℃）

功率耗散（1.2 V 输出，在 85℃）

功率耗散（1.0 V 输出，在 85℃）



归一化线路输入电压和负载调节 VOUT = 3.3 V

热降额 VIN = 24 V，VOUT = 3.3 V

输出纹波

12 VIN，5.0 VOUT（在满负载，带宽 = 20 MHz）
输出纹波

12 VIN，5.0 VOUT（在满负载，带宽 = 250 MHz）

热降额 VIN = 24 V，VOUT = 5.0 V

θJA 与铜散热面积的关系曲线



输出纹波

12 VIN，3.3 VOUT（在满负载，带宽 = 20 MHz）

输出纹波

12 VIN，1.2 VOUT（在满负载，带宽 = 20 MHz）

瞬态响应

12 VIN，5.0 VOUT（1 A 至 10 A 阶跃）

输出纹波

12 VIN，3.3 VOUT（在满负载，带宽 = 250 MHz）

输出纹波

12 VIN，1.2 VOUT（在满负载，带宽 = 250 MHz）

瞬态响应

12 VIN，3.3 VOUT（1 A 至 10 A 阶跃）



瞬态响应

12 VIN，1.2 VOUT（1 A 至 10 A 阶跃）

3.3 VOUT 软起动，无 CSS

短路电流与输入电压的关系曲线

3.3 VOUT 软起动，CSS = 0.47μF

方框图



General Description
The LMZ13610 SIMPLE SWITCHER© power module is an
easy-to-use step-down DC-DC solution capable of driving up
to 10A load. The LMZ13610 is available in an innovative
package that enhances thermal performance and allows for
hand or machine soldering.
The LMZ13610 can accept an input voltage rail between 6V
and 36V and deliver an adjustable and highly accurate output
voltage as low as 0.8V. The LMZ13610 only requires two ex-
ternal resistors and three external capacitors to complete the
power solution. The LMZ13610 is a reliable and robust design
with the following protection features: thermal shutdown, in-
put under-voltage lockout, output over-voltage protection,
short-circuit protection, output current limit, and allows startup
into a pre-biased output.

Design Steps for the LMZ13610
Application
The LMZ13610 is fully supported by Webench® which offers:
component selection, electrical and thermal simulations. Ad-
ditionally, there are both evaluation and demonstration
boards that may be used as a starting point for design. The
following list of steps can be used to manually design the
LMZ13610 application.
All references to values refer to the typical applications
schematic Figure 4 .
• Select minimum operating VIN with enable divider resistors
• Program VOUT with FB resistor divider selection
• Select COUT

• Select CIN

• Determine module power dissipation
• Layout PCB for required thermal performance

ENABLE DIVIDER, RENT, RENB AND RENHSELECTION
Internal to the module is a 2 mega ohm pull-up resistor con-
nected from VIN to Enable. For applications not requiring
precision under voltage lock out (UVLO), the Enable input

may be left open circuit and the internal resistor will always
enable the module. In such case, the internal UVLO occurs
typically at 4.3V (VIN rising).
In applications with separate supervisory circuits Enable can
be directly interfaced to a logic source. In the case of se-
quencing supplies, the divider is connected to a rail that
becomes active earlier in the power-up cycle than the
LMZ13610 output rail.
Enable provides a precise 1.274V threshold to allow direct
logic drive or connection to a voltage divider from a higher
enable voltage such as VIN. Additionally there is 13 μA (typ)
of switched offset current allowing programmable hysteresis.
See Figure 1.
The function of the enable divider is to allow the designer to
choose an input voltage below which the circuit will be dis-
abled. This implements the feature of a programmable UVLO.
The two resistors should be chosen based on the following
ratio:

RENT / RENB = (VIN UVLO / 1.274V) – 1 (1)

The LMZ13610 typical application shows 12.7kΩ for RENB and
42.2kΩ for RENT resulting in a rising UVLO of 5.51V. Note that
this divider presents 4.62V to the EN input when VIN is raised
to 20V. This upper voltage should always be checked, making
sure that it never exceeds the Abs Max 5.5V limit for Enable.
A 5.1V Zener clamp can be applied in cases where the upper
voltage would exceed the EN input's range of operation. The
zener clamp is not required if the target application prohibits
the maximum Enable input voltage from being exceeded.
Additional enable voltage hysteresis can be added with the
inclusion of RENH. It is possible to select values for RENT and
RENB such that RENH is a value of zero allowing it to be omitted
from the design.
Rising threshold can be calculated as follows:

VEN(rising) = 1.274 ( 1 + (RENT|| 2 meg)/ RENB) (2)

Whereas the falling threshold level can be calculated using:

VEN(falling) = VEN(rising) – 13 µA ( RENT|| 2 meg ||
RENTB + RENH ) (3)

30151379

FIGURE 1. Enable Input Detail
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一般说明
LMZ13610 SIMPLE SWITCHER® 电源模块是一款简单易用的降

压型 DC-DC 解决方案，能驱动高达 10 A 的负载。LMZ13610 采
用一种创新型封装，此封装增强了散热性能，并允许进行手工焊

接或机器焊接。

LMZ13610 可接受一个介于 6 V 和 36 V 之间的输入电压轨，并

提供一个低至 0.8 V 的可调和高度准确的输出电压。LMZ13610 
仅需 2 个外部电阻器和 3 个外部电容器即可构成完成的电源解

决方案。LMZ13610 是一款可靠且稳健的设计，其具有以下保护

功能：热关断、输入欠压闭锁、输出过压保护、短路保护、输出

电流限制，并可启动一个预偏置输出。

LMZ13610 应用的设计步骤
LMZ13610 得到了 Webench® 设计工具的全面支持，该工具可提

供：组件选择、电气和热性能仿真。此外，还配有可用作设计起

点的评估板和演示板。下列步骤可用于 LMZ13610 应用的人工

设计。

组件数值的所有参考可查阅典型应用原理图（图 4）。

利用使能分压电阻器来选择最小工作 VIN

通过选择 FB 电阻分压器来设置 VOUT

选择 COUT

选择 CIN

确定模块的功率耗散

根据热性能要求进行 PCB 的布局

使能分压器（RENT、RENB 和 RENH）的选择

在模块的内部，有一个 2 MΩ 上拉电阻器连接于 VIN 和使能引脚

之间。对于不需要精准欠压闭锁 (UVLO) 的应用，可以把使能输

入置于开路状态，内部电阻器将始终使能模块。在此类场合中，

内部 UVLO 通常出现在 4.3 V（VIN 逐渐上升）。

在具有单独监控电路的应用中，可把使能输入直接连接到一个逻

辑电源。在电源排序的场合，分压器连接至一个电源轨，此电源

轨在上电周期中将早于 LMZ13610 的输出电源轨变至运行状态。

使能引脚提供了一个精准的 1.274 V 门限，以实现直接逻辑电源

驱动，或者连接至一个从某个较高使能电压（比如：VIN）引出的

分压器。此外，还有一个 13μA（典型值）的开关偏移电流，因

而能提供可编程迟滞。见图 1。

使能分压器的作用是让设计人员能够选择一个输入电压，低于此

输入电压时电路将被停用。这实现了可编程 UVLO 功能。应根据

下面的比值来选择两个电阻器：

RENT / RENB = (VIN UVLO / 1.274 V) － 1                                          (1)

如 LMZ13610 典型应用所示，RENB 为 12.7 kΩ，RENT 为 42.2 
kΩ，由此产生的上升 UVLO 为 5.51 V。请注意，当 VIN 被提升

至 20 V 时，该分压器将向 EN 输入提供 4.62 V 电压。应始终检

查此上限电压，以确定其决不超过针对使能的 5.5 V 最大绝对限

值。在上限电压将超过 EN 输入的工作范围的情况下，可采用一

个 5.1 V 齐纳箝位。假如目标应用禁止超过最大使能输入电压，

那么就不需要该齐纳箝位。

通过内置 RENH 可增加额外的使能电压迟滞。可以通过选择适当

的 RENT 和 RENB 阻值以使 RENH 的数值为零，这样就可以把它从设

计中去掉。

上升门限可按下式计算：

VEN(rising) = 1.274 (1 + (RENT‖2 meg) / RENB)                            (2)

而下降门限电平则可采用下式来计算：

VEN(falling) = VEN(rising) － 13μA (RENT‖2 meg‖RENTB + RENH)     (3)

图 1：使能输入细节



OUTPUT VOLTAGE SELECTION
Output voltage is determined by a divider of two resistors
connected between VOUT and AGND. The midpoint of the di-
vider is connected to the FB input.
The regulated output voltage determined by the external di-
vider resistors RFBT and RFBB is:

VOUT = 0.795V * (1 + RFBT / RFBB) (4)

Rearranging terms; the ratio of the feedback resistors for a
desired output voltage is:

RFBT / RFBB = (VOUT / 0.795V) - 1 (5)

These resistors should generally be chosen from values in the
range of 1.0 kΩ to 10.0 kΩ.
For VOUT = 0.8V the FB pin can be connected to the output
directly and RFBB can be set to 8.06kΩ to provide minimum
output load.
A table of values for RFBT , and RFBB, is included in the sim-
plified applications schematic on page 2.

SOFT-START CAPACITOR SELECTION
Programmable soft-start permits the regulator to slowly ramp
to its steady state operating point after being enabled, thereby
reducing current inrush from the input supply and slowing the
output voltage rise-time.
Upon turn-on, after all UVLO conditions have been passed,
an internal 1.6msec circuit slowly ramps the SS input to im-
plement internal soft start. If 1.6 msec is an adequate turn–on
time then the Css capacitor can be left unpopulated. Longer
soft-start periods are achieved by adding an external capac-
itor to this input.
Soft start duration is given by the formula:

tSS = VREF * CSS / Iss = 0.795V * CSS / 50uA (6)

This equation can be rearranged as follows:

CSS = tSS * 50μA / 0.795V (7)

Using a 0.22μF capacitor results in 3.5 msec typical soft-start
duration; and 0.47μF results in 7.5 msec typical. 0.47 μF is a
recommended initial value.
As the soft-start input exceeds 0.795V the output of the power
stage will be in regulation and the 50 μA current is deactivat-
ed. Note that the following conditions will reset the soft-start
capacitor by discharging the SS input to ground with an in-
ternal current sink.
• The Enable input being pulled low
• A thermal shutdown condition
• VIN falling below 4.3V (TYP) and triggering the VCC UVLO

TRACKING SUPPLY DIVIDER OPTION
The tracking function allows the module to be connected as
a slave supply to a primary voltage rail (often the 3.3V system
rail) where the slave module output voltage is lower than that
of the master. Proper configuration allows the slave rail to
power up coincident with the master rail such that the voltage
difference between the rails during ramp-up is small (i.e.
<0.15V typ). The values for the tracking resistive divider
should be selected such that the effect of the internal 50uA
current source is minimized. In most cases the ratio of the
tracking divider resistors is the same as the ratio of the output
voltage setting divider. Proper operation in tracking mode dic-
tates the soft-start time of the slave rail be shorter than the
master rail; a condition that is easy to satisfy since the CSS
cap is replaced by RTKB. The tracking function is only sup-
ported for the power up interval of the master supply; once

the SS/TRK rises past 0.795V the input is no longer enabled
and the 50 uA internal current source is switched off.

30151380

FIGURE 2. Tracking option input detail

COUT SELECTION
None of the required COUT output capacitance is contained
within the module. A minimum value ranging from 330 μF for
6VOUT to 660 μF for 1.2VOUT applications is required based
on the values of internal compensation in the error amplifier.
These minimum values can be decreased if the effective ca-
pacitor ESR is higher than 15 mOhms.
A Low ESR (15 mOhm) tantalum, organic semiconductor or
specialty polymer capacitor types in parallel with a 47nF X7R
ceramic capacitor for high frequency noise reduction is rec-
ommended for obtaining lowest ripple. The output capacitor
COUT may consist of several capacitors in parallel placed in
close proximity to the module.
The output capacitor assembly must also meet the worst case
ripple current rating of ΔiL, as calculated in equation (18) be-
low. Beyond that, additional capacitance will reduce output
ripple so long as the ESR is low enough to permit it. Loop
response verification is also valuable to confirm closed loop
behavior.
For applications with dynamic load steps; the following equa-
tion provides a good first pass approximation of COUT for load
transient requirements.

(8)

For 12VIN, 3.3VOUT, a transient voltage of 5% of VOUT  =
0.165V (ΔVOUT), a 9A load step (ISTEP), an output capacitor
effective ESR of 3 mOhms, and a switching frequency of
350kHz (fSW):

(9)

Note that the stability requirement for minimum output capac-
itance must always be met.
One recommended output capacitor combination is two
330μF, 15 mOhm ESR tantalum polymer capacitors connect-
ed in parallel with a 47 uF 6.3V X5R ceramic. This combina-
tion provides excellent performance that may exceed the
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输出电压的选择

输出电压由两个连接在 VOUT 和 AGND 之间的电阻器所构成的分

压器来决定。该分压器的中点连接至 FB 输入。

由外部分压电阻器 RFBT 和 RFBB 决定的稳定输出电压为：

VOUT = 0.795 V * (1 + RFBT / RFBB)                                               (4)

重新整理公式项；针对某一期望输出电压的反馈电阻器比值为：

RFBT / RFBB = (VOUT / 0.795 V) － 1                                               (5)

这些电阻器一般应从 1.0 kΩ 至 10.0 kΩ 的阻值范围内选择。

当 VOUT = 0.8 V 时，FB 引脚可以直接连接至输出端，而且 RFBB 
可设定为 8.06 kΩ，以提供最小输出负载。

第 2 页上的“简化的应用原理图”中包含一张 RFBT 和 RFBB 的阻

值表。

软起动电容器的选择

可编程软起动功能允许稳压器在被使能之后缓慢地爬升至其稳态

操作点，从而减小来自输入电源的浪涌电流并减缓输出电压上升

时间。

接通时，在所有的 UVLO 条件消逝之后，一个内部 1.6 msec 电
路使 SS 输入缓慢爬升以实现内部软起动。如果 1.6 msec 是一

个足够的接通时间，那么就不必布设 CSS 电容器。给该输入增设

一个外部电容器可延长软起动周期。

软起动周期由下式给出：

tSS = VREF * CSS / ISS = 0.795 V * CSS / 50μA                             (6)

可以将 (6) 式重新整理如下：

CSS = tSS * 50μA / 0.795 V                                                       (7)

采用一个 0.22μF 电容器将产生 3.5 msec 的典型软起动周期；

而使用 0.47μF 电容器则产生 7.5 msec（典型值）的软起动周

期。0.47μF 是推荐的初值。

当软起动输入超过 0.795 V 时，功率级的输出将处于调节状态，

而且 50μA 的电流被停用。请注意，以下条件将通过利用一个

内部电流宿 (current sink) 把 SS 输入放电至地而使软起动电容器

复位。

使能输入被拉至低电平

某种热关断状态

VIN 降至低于 4.3 V（典型值）并触发 VCC UVLO

跟踪电源分压器选项

跟踪功能允许将模块作为从电源连接至一个主电压轨（常常是 
3.3 V 系统电压轨），这里，从模块的输出电压低于主模块的输

出电压。正确的配置将允许从电源轨的上电与主电源轨相重合，

从而使得斜坡上升期间电源轨之间的电压差很小（即：通常小于 
0.15 V）。跟踪阻性分压器的元件数值选择应使内部 50μA 电流

源的影响最小化。在大多数场合中，跟踪分压电阻器的比值与输

出电压设定分压器的比值相同。跟踪模式中的正确操作要求从电

源轨的软起动时间短于主电源轨；这是一个很容易满足的条件，

因为 CSS 电容器被 RTKB 所取代。对于跟踪功能的支持仅限于主电

源的上电间隔；一旦 SS/TRK 上升并越过 0.795 V，则不再使能

输入且 50μA 内部电流源被关断。

COUT 的选择

模块内部不包含任何需要的 COUT 输出电容。根据误差放大器中

的内部补偿组件数值，所需的最小电容值介于 330 μF（对于 6 
VOUT 应用）和 660 μF（对于 1.2 VOUT 应用）之间。如果电容器

的实际 ESR 高于 15 mΩ，则可减低这些最小值。 

为了获得尽可能低的纹波，建议将一个低 ESR (15 mΩ) 钽电容

器、有机半导体电容器或特殊聚合物电容器与一个 47 nF X7R 陶
瓷电容器相并联以实现高频降噪。输出电容器 COUT 可以由若干

个布设在模块附近的电容器并联组成。

输出电容器组件也必须满足 ΔiL 的最坏情况额定纹波电流 － 按
下面的 (18) 式计算。除此之外，增加电容将降低输出纹波，只要 
ESR 低至足以允许这么做即可。环路响应验证对于确认闭环运行

状态也是非常有用的。

对于具有动态负载阶跃的应用；下式提供了一种针对负载瞬态要

求的上佳 COUT 首过近似 (first pass approximation)。

对于 12 VIN，3.3 VOUT，VOUT 5% 的瞬态电压 = 0.615 V (ΔVOUT)，

9 A 负载阶跃 (ISTEP)，3 mΩ 的输出电容器有效 ESR 和 350 kHz 
的开关频率 (fSW)：

需要注意的是，必须始终满足针对最小输出电容的稳定性要求。

一种推荐的输出电容器组合是：两个 330μF、15 mΩ ESR 钽聚

合物电容器与一个 47μF 6.3 V X5R 陶瓷电容器并联连接。这种

组合将提供有可能超过某些应用之要求的卓越性能。此外，还可

以使用一些 47 nF 的小陶瓷电容器，用于抑制高频 EMI。

图 2：跟踪选项输入细节



requirements of certain applications. Additionally some small
47nF ceramic capacitors can be used for high frequency EMI
suppression.

CIN SELECTION
The LMZ13610 module contains two internal ceramic input
capacitors. Additional input capacitance is required external
to the module to handle the input ripple current of the appli-
cation. The input capacitor can be several capacitors in par-
allel. This input capacitance should be located in very close
proximity to the module. Input capacitor selection is generally
directed to satisfy the input ripple current requirements rather
than by capacitance value. Input ripple current rating is dic-
tated by the equation:

(10)

where D ≊ VOUT / VIN

(As a point of reference, the worst case ripple current will oc-
cur when the module is presented with full load current and
when VIN = 2 * VOUT).
Recommended minimum input capacitance is 30 uF X7R (or
X5R) ceramic with a voltage rating at least 25% higher than
the maximum applied input voltage for the application. It is
also recommended that attention be paid to the voltage and
temperature derating of the capacitor selected. It should be
noted that ripple current rating of ceramic capacitors may be
missing from the capacitor data sheet and you may have to
contact the capacitor manufacturer for this parameter.
If the system design requires a certain minimum value of
peak-to-peak input ripple voltage (ΔVIN) to be maintained then
the following equation may be used.

(11)

If ΔVIN is 200 mV or 1.66% of VIN for a 12V input to 3.3V output
application and fSW = 350 kHz then:

(12)

Additional bulk capacitance with higher ESR may be required
to damp any resonant effects of the input capacitance and
parasitic inductance of the incoming supply lines. The
LMZ13610 typical applications schematic and evaluation
board include a 150 μF 50V aluminum capacitor for this func-
tion. There are many situations where this capacitor is not
necessary.

POWER DISSIPATION AND BOARD THERMAL
REQUIREMENTS
When calculating module dissipation use the maximum input
voltage and the average output current for the application.
Many common operating conditions are provided in the char-
acteristic curves such that less common applications can be
derived through interpolation. In all designs, the junction tem-
perature must be kept below the rated maximum of 125°C.
For the design case of VIN = 12V, VOUT = 3.3V, IOUT = 10A,
and TA-MAX = 50°C, the module must see a thermal resistance
from case to ambient (θCA) of less than:

(13)

Given the typical thermal resistance from junction to case
(θJC) to be 1.0 °C/W. Use the 85°C power dissipation curves
in the Typical Performance Characteristics section to esti-
mate the PIC-LOSS for the application being designed. In this
application it is 5.3W.

(14)

To reach θCA = 13.15, the PCB is required to dissipate heat
effectively. With no airflow and no external heat-sink, a good
estimate of the required board area covered by 2 oz. copper
on both the top and bottom metal layers is:

(15)

As a result, approximately 38.02 square cm of 2 oz copper on
top and bottom layers is the minimum required area for the
example PCB design. This is 6.16 x 6.16 cm (2.42 x 2.42 in)
square. The PCB copper heat sink must be connected to the
exposed pad. For best performance, use approximately 100,
12mil (305 μm) thermal vias spaced 59 mil (1.5 mm) apart
connect the top copper to the bottom copper.
Another way to estimate the temperature rise of a design is
using θJA. An estimate of θJA for varying heat sinking copper
areas and airflows can be found in the typical applications
curves. If our design required the same operating conditions
as before but had 225 LFPM of airflow. We locate the required
θJA of

(16)

On the Theta JA vs copper heatsinking curve, the copper area
required for this application is now only 2 square inches. The
airflow reduced the required heat sinking area by a factor of
three.
To reduce the heat sinking copper area further, this package
is compatable with D3-PAK surface mount heat sinks.
For an example of a high thermal performance PCB layout for
SIMPLE SWITCHER© power modules, refer to AN-2093,
AN-2084, AN-2125, AN-2020 and AN-2026.

PC BOARD LAYOUT GUIDELINES
PC board layout is an important part of DC-DC converter de-
sign. Poor board layout can disrupt the performance of a DC-
DC converter and surrounding circuitry by contributing to EMI,
ground bounce and resistive voltage drop in the traces. These
can send erroneous signals to the DC-DC converter resulting
in poor regulation or instability. Good layout can be imple-
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requirements of certain applications. Additionally some small
47nF ceramic capacitors can be used for high frequency EMI
suppression.

CIN SELECTION
The LMZ13610 module contains two internal ceramic input
capacitors. Additional input capacitance is required external
to the module to handle the input ripple current of the appli-
cation. The input capacitor can be several capacitors in par-
allel. This input capacitance should be located in very close
proximity to the module. Input capacitor selection is generally
directed to satisfy the input ripple current requirements rather
than by capacitance value. Input ripple current rating is dic-
tated by the equation:

(10)

where D ≊ VOUT / VIN

(As a point of reference, the worst case ripple current will oc-
cur when the module is presented with full load current and
when VIN = 2 * VOUT).
Recommended minimum input capacitance is 30 uF X7R (or
X5R) ceramic with a voltage rating at least 25% higher than
the maximum applied input voltage for the application. It is
also recommended that attention be paid to the voltage and
temperature derating of the capacitor selected. It should be
noted that ripple current rating of ceramic capacitors may be
missing from the capacitor data sheet and you may have to
contact the capacitor manufacturer for this parameter.
If the system design requires a certain minimum value of
peak-to-peak input ripple voltage (ΔVIN) to be maintained then
the following equation may be used.

(11)

If ΔVIN is 200 mV or 1.66% of VIN for a 12V input to 3.3V output
application and fSW = 350 kHz then:

(12)

Additional bulk capacitance with higher ESR may be required
to damp any resonant effects of the input capacitance and
parasitic inductance of the incoming supply lines. The
LMZ13610 typical applications schematic and evaluation
board include a 150 μF 50V aluminum capacitor for this func-
tion. There are many situations where this capacitor is not
necessary.

POWER DISSIPATION AND BOARD THERMAL
REQUIREMENTS
When calculating module dissipation use the maximum input
voltage and the average output current for the application.
Many common operating conditions are provided in the char-
acteristic curves such that less common applications can be
derived through interpolation. In all designs, the junction tem-
perature must be kept below the rated maximum of 125°C.
For the design case of VIN = 12V, VOUT = 3.3V, IOUT = 10A,
and TA-MAX = 50°C, the module must see a thermal resistance
from case to ambient (θCA) of less than:

(13)

Given the typical thermal resistance from junction to case
(θJC) to be 1.0 °C/W. Use the 85°C power dissipation curves
in the Typical Performance Characteristics section to esti-
mate the PIC-LOSS for the application being designed. In this
application it is 5.3W.

(14)

To reach θCA = 13.15, the PCB is required to dissipate heat
effectively. With no airflow and no external heat-sink, a good
estimate of the required board area covered by 2 oz. copper
on both the top and bottom metal layers is:

(15)

As a result, approximately 38.02 square cm of 2 oz copper on
top and bottom layers is the minimum required area for the
example PCB design. This is 6.16 x 6.16 cm (2.42 x 2.42 in)
square. The PCB copper heat sink must be connected to the
exposed pad. For best performance, use approximately 100,
12mil (305 μm) thermal vias spaced 59 mil (1.5 mm) apart
connect the top copper to the bottom copper.
Another way to estimate the temperature rise of a design is
using θJA. An estimate of θJA for varying heat sinking copper
areas and airflows can be found in the typical applications
curves. If our design required the same operating conditions
as before but had 225 LFPM of airflow. We locate the required
θJA of

(16)

On the Theta JA vs copper heatsinking curve, the copper area
required for this application is now only 2 square inches. The
airflow reduced the required heat sinking area by a factor of
three.
To reduce the heat sinking copper area further, this package
is compatable with D3-PAK surface mount heat sinks.
For an example of a high thermal performance PCB layout for
SIMPLE SWITCHER© power modules, refer to AN-2093,
AN-2084, AN-2125, AN-2020 and AN-2026.

PC BOARD LAYOUT GUIDELINES
PC board layout is an important part of DC-DC converter de-
sign. Poor board layout can disrupt the performance of a DC-
DC converter and surrounding circuitry by contributing to EMI,
ground bounce and resistive voltage drop in the traces. These
can send erroneous signals to the DC-DC converter resulting
in poor regulation or instability. Good layout can be imple-
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CIN 的选择

LMZ13610 模块包含两个内部陶瓷输入电容器。需要在模块的外

部增设输入电容以处理应用的输入纹波电流。输入电容器可以由

若干个并联的电容器组成。该输入电容应置于非常靠近模块的地

方。输入电容器的选择一般是必需满足输入纹波电流要求，而不

是电容值。输入纹波电流额定值由下式决定：

式中，D ≊ VOUT / VIN。

（作为一个参考，最坏情况纹波电流将出现在模块被施加满负载

电流时以及当 VIN = 2 * VOUT 时）。

推荐的最小输入电容为 30μF X7R（或 X5R）陶瓷电容器，其额

定电压至少应比给应用施加的最大输入电压高出 25%。另外，

还建议对选定电容器的电压和温度降额给予关注。应当指出的

是：在电容器的数据表中可能并未提供陶瓷电容器的额定纹波电

流，您也许不得不联系电容器制造商以获取该参数。

假如系统设计要求保持某个特定的峰至峰输入纹波电压 (ΔVIN) 
最小值，则可使用下面的公式。

对于 12 V 输入至 3.3 V 输出应用，倘若 ΔVIN 为 200 mV（即 VIN 
的 1.66%），且 fSW = 350 kHz，则：

如欲衰减输入电容和输入电源线寄生电感的任何谐振效应，那么

可能需要增加具有较高 ESR 的大电容。LMZ13610 典型应用原

理图和评估板包括一个起该作用的 150μF 50 V 铝电容器。有许

多场合是不需要使用这个电容器的。

功率耗散和电路板散热要求

当计算模块功率耗散时，将采用应用的最大输入电压和平均输出

电流。在特性曲线中提供了许多常见的工作条件，这样那些不太

常见的应用就可通过插值进行推导。在所有的设计中，都必须把

结温保持在 125℃ 的最大额定值以下。

对于 VIN = 12 V，VOUT = 3.3 V，IOUT = 10 A 和 TA-MAX = 50℃ 的
设计案例，模块必须具有低于下式计算值的外壳至环境热阻 
(θCA)：

假定结点至外壳的典型热阻 (θJC) 为 1.0℃/W。使用“典型性能

特征”部分中的 85℃ 功率耗散曲线来估算所设计之应用的 PIC_

LOSS。在本应用中，其为 5.3 W。

为了达到 θCA = 13.15，PCB 需要高效地散逸热量。当没有气流

和外部散热器时，所需电路板面积（在顶部和底部金属层上均覆

有 2 盎司铜箔）的合适估计值为：

因此，对于本 PCB 设计实例来说，所需的最小面积大约为 38.02 
cm2（在顶层和底层上覆有 2 盎司铜箔）。这是 6.16 x 6.16 cm 
(2.42 x 2.42 英寸) 的占板面积。PCB 铜散热器必须连接至裸露

焊盘。为了获得最佳的性能，可采用大约 100 个彼此间隔 59 密
耳 (1.5 mm) 的 12 密耳 (305 μm) 热过孔将顶层铜箔连接至底层

铜箔。

另一种估测设计温升的方法是采用 θJA。针对不同的散热铜面积

和气流的 θJA 估计值可从典型应用曲线获得。假设我们的设计所

要求的工作条件与前面一样，但具有 225 LFPM 的气流。我们可

以确定所需的 θJA 为：

在“θJA 与铜散热面积的关系曲线”图中，该应用所需要的铜面

积现在仅为 2 平方英寸。气流的存在使得所需的散热面积减小为

原来的 1/3。

如欲进一步减小用于散热的铜面积，该封装还可使用 D3-PAK 表
面贴装型散热器。

如需了解针对 SIMPLE SWITCHER® 电源模块的高散热性能 PCB 
布局实例，请参阅 AN-2093、AN-2084、AN-2125、AN-2020 和 
AN-2026。

PC 板布局指引

PC 板布局是 DC-DC 转换器设计的一个重要环节。糟糕的电路

板布局会由于引发 EMI、接地反跳和走线中的阻性电压降而损害 
DC-DC 转换器及周围电路的性能。这些会向 DC-DC 转换器发送

错误信号，进而导致调节性能或稳定性欠佳。遵循一些简单的设

计规则就能实现优良的布局。图 5 示出了一款良好的布局实例。
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FIGURE 3. High Current Loops

1. Minimize area of switched current loops.
From an EMI reduction standpoint, it is imperative to minimize
the high di/dt paths during PC board layout as shown in the
figure above. The high current loops that do not overlap have
high di/dt content that will cause observable high frequency
noise on the output pin if the input capacitor (CIN) is placed at
a distance away from the LMZ13610. Therefore place CIN as
close as possible to the LMZ13610 VIN and PGND exposed
pad. This will minimize the high di/dt area and reduce radiated
EMI. Additionally, grounding for both the input and output ca-
pacitor should consist of a localized top side plane that con-
nects to the PGND exposed pad (EP).
2. Have a single point ground.
The ground connections for the feedback, soft-start, and en-
able components should be routed to the AGND pin of the
device. This prevents any switched or load currents from
flowing in the analog ground traces. If not properly handled,
poor grounding can result in degraded load regulation or er-
ratic output voltage ripple behavior. Additionally provide a
single point ground connection from pin 4 (AGND) to EP/
PGND.
3. Minimize trace length to the FB pin.
Both feedback resistors, RFBT and RFBB should be located
close to the FB pin. Since the FB node is high impedance,
maintain the copper area as small as possible. The traces
from RFBT, RFBB should be routed away from the body of the
LMZ13610 to minimize possible noise pickup.
4. Make input and output bus connections as wide as
possible.
This reduces any voltage drops on the input or output of the
converter and maximizes efficiency. To optimize voltage ac-
curacy at the load, ensure that a separate feedback voltage
sense trace is made to the load. Doing so will correct for volt-
age drops and provide optimum output accuracy.
5. Provide adequate device heat-sinking.
Use an array of heat-sinking vias to connect the exposed pad
to the ground plane on the bottom PCB layer. If the PCB has
multiple copper layers, these thermal vias can also be con-
nected to inner layer heat-spreading ground planes. For best
results use a 10 x 10 via array or larger with a minimum via
diameter of 12mil (305 μm) thermal vias spaced 46.8mil (1.5
mm). Ensure enough copper area is used for heat-sinking to
keep the junction temperature below 125°C.

Additional Features
OUTPUT OVER-VOLTAGE PROTECTION
If the voltage at FB is greater than a 0.86V internal reference,
the output of the error amplifier is pulled toward ground, caus-
ing VOUT to fall.

CURRENT LIMIT
The LMZ13610 is protected by both low side (LS) and high
side (HS) current limit circuitry. The LS current limit detection
is carried out during the off-time by monitoring the current
through the LS synchronous MOSFET. Referring to the Func-
tional Block Diagram, when the top MOSFET is turned off, the
inductor current flows through the load, the PGND pin and the
internal synchronous MOSFET. If this current exceeds 13A
(typical) the current limit comparator disables the start of the
next switching period. Switching cycles are prohibited until
current drops below the limit. It should also be noted that d.c.
current limit is dependent on duty cycle as illustrated in the
graph in the typical performance section. The HS current limit
monitors the current of top side MOSFET. Once HS current
limit is detected (16A typical) , the HS MOSFET is shutoff im-
mediately, until the next cycle. Exceeding HS current limit
causes VOUT to fall. Typical behavior of exceeding LS current
limit is that fSW drops to 1/2 of the operating frequency.

THERMAL PROTECTION
The junction temperature of the LMZ13610 should not be al-
lowed to exceed its maximum ratings. Thermal protection is
implemented by an internal Thermal Shutdown circuit which
activates at 165 °C (typ) causing the device to enter a low
power standby state. In this state the main MOSFET remains
off causing VOUT to fall, and additionally the CSS capacitor is
discharged to ground. Thermal protection helps prevent
catastrophic failures for accidental device overheating. When
the junction temperature falls back below 150 °C (typ Hyst =
15°C) the SS pin is released, VOUT rises smoothly, and normal
operation resumes.
Applications requiring maximum output current especially
those at high input voltage may require additional derating at
elevated temperatures.

PRE-BIASED STARTUP
The LMZ13610 will properly start up into a pre-biased output.
This startup situation is common in multiple rail logic applica-
tions where current paths may exist between different power
rails during the startup sequence. The following scope cap-
ture shows proper behavior in this mode. Trace one is Enable
going high. Trace two is 1.8V pre-bias rising to 3.3V. Trace
three is the SS voltage with a CSS= 0.47uF. Risetime deter-
mined by CSS.
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1、尽量缩小开关电流环路的面积。

如上图所示，从降低 EMI 的角度来看，在 PC 板布局过程中必

须最大限度地压缩高 di/dt 路径。不重叠的大电流环路具有高 di/
dt 分量，如果输入电容器 (VIN) 的安放位置与 LMZ13610 有一定

的距离，那么该分量就将在输出引脚上招致显著的高频噪声。

所以，应把 CIN 布设在尽可能靠近 LMZ13610 VIN 和 PGND 裸
露焊盘的地方。这将最大限度地缩小高 di/dt 面积，并降低辐

射 EMI。此外，输入和输出电容器的接地皆应包括一个连接至 
PGND 裸露焊盘 (EP) 的局部顶端平面。

2、拥有一个单点接地。

用于反馈、软起动和使能组件的接地连线应路由至器件的 AGND 
引脚。这样做能防止任何开关电流或负载电流流入模拟接地走

线。如果处置不当，则不良的接地会导致负载调节性能下降或

不稳定的输出电压纹波状态。此外，应提供从引脚 4 (AGND) 至 
EP/PGND 的单点接地连线。

3、尽量缩短至 FB 引脚的走线长度。

两个反馈电阻器（RFBT 和 RFBB）都应安放在靠近 FB 引脚的地

方。由于 FB 节点为高阻抗，故需维持尽可能小的铜面积。从 
RFBT、RFBB 引出的走线应远离 LMZ13610 本体，以最大限度地减

少可能的噪声捡拾。

4、使输入和输出总线接线尽量宽阔。

这么做可减少转换器输入或输出端上的任意电压降，并最大限度

地提高效率。为了优化负载上的电压准确度，需确保将一根单独

的反馈电压检测走线连接至负载。这样做将能够校正电压降并提

供最优的输出准确度。

5、提供足够的器件散热。

使用一排散热过孔把裸露焊盘连接至 PCB 底层上的接地平面。

如果 PCB 具有多个铜层，那么这些热过孔也可连接至内层散热

接地平面。为了获得最佳的散热效果，可使用一个10 x 10 或更

大的过孔阵列，这些过孔的间距为 46.8 密耳 (1.5 mm)，最小

过孔直径为 12 密耳 (305 μm)。应确保将足够的铜面积用于散

热，以使结温低于 125℃。

其他特性

输出过压保护

如果 FB 引脚上的电压高于 0.86 V 内部基准，则把误差放大器的

输出拉至接近地电位，从而导致 VOUT 下降。

电流限制

低端 (LS) 和高端 (HS) 电流限制电路均对 LMZ13610 提供了保护

作用。LS 电流限制检测通过监视流过 LS 同步 MOSFET 的电流

在关断时间里执行。看一下“功能方框图”，当上端 MOSFET 
断开时，电感器电流将流经负载、PGND 引脚和内部同步 
MOSFET。假如该电流超过 13 A（典型值），则电流限值比较

器将禁止下一个开关周期的开始。开关周期在电流降至限值以下

之前将被禁止。另外，还需注意的是：DC 电流限值取决于占空

比，如“典型应用”部分中的曲线图所示。HS 电流限制电路负

责监视上端 MOSFET 的电流。一旦检测到 HS 电流限值（典型

值为 16 A），则 HS MOSFET 将被立即关断，直到下一个周期

为止。超过 HS 电流限值将导致 VOUT 下降。超过 LS 电流限值时

的典型运行状态是 fSW 下降至工作频率的 1/2。

热保护

不得允许 LMZ13610 的结温超过其最大额定值。热保护功能由一

个在 165℃（典型值）时启动的内部热关断电路实现，此电路将

使器件进入一种低功耗待机模式。在该状态下，主 MOSFET 保
持断开（导致 VOUT 下降），此外 CSS 电容器被放电至地。热保

护功能有助避免由于意外的器件过热而引发灾难性的故障。当结

温回降至 150℃（典型迟滞 = 15℃）以下时，SS 引脚被释放，

VOUT 平稳上升，并恢复正常操作。

需要最大输出电流的应用（特别是那些处于高输入电压条件下的

应用）有可能必需在高温下增加降额幅度。

预偏置启动

LMZ13610 将正确地启动一个预偏置输出。在多电源轨逻辑应

用中（这里，在启动序列中不同的电源轨之间有可能存在电流

路径），这种启动情形是很常见的。下面的示波器屏幕截图示

出了在这种模式中的正确运行状态。扫迹一是 EN 变至高电平。

扫迹二是 1.8 V 预偏置上升至 3.3 V。扫迹三则为采用一个 CSS = 
0.47μF 时的 SS 电压。上升时间由 CSS 决定。

图 3：大电流环路



Pre-Biased Startup
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DISCONTINUOUS CONDUCTION AND CONTINUOUS
CONDUCTION MODES
At light load the regulator will operate in discontinuous con-
duction mode (DCM). With load currents above the critical
conduction point, it will operate in continuous conduction
mode (CCM). When operating in DCM, inductor current is
maintained to an average value equaling Iout . In DCM the
low-side switch will turn off when the inductor current falls to
zero, this causes the inductor current to resonate. Although it
is in DCM, the current is allowed to go slightly negative to
charge the bootstrap capacitor.
In CCM, current flows through the inductor through the entire
switching cycle and never falls to zero during the off-time.
Following is a comparison pair of waveforms showing both
the CCM (upper) and DCM operating modes.

CCM and DCM Operating Modes
VIN = 12V, VO = 3.3V, IO = 3A/0.3A

30151386

The approximate formula for determining the DCM/CCM
boundary is as follows:

(17)

The inductor internal to the module is 2.2 μH. This value was
chosen as a good balance between low and high input voltage
applications. The main parameter affected by the inductor is
the amplitude of the inductor ripple current (ΔiL). ΔiL can be
calculated with:

(18)

Where VIN is the maximum input voltage and fSW is typically
359 kHz.
If the output current IOUT is determined by assuming that
IOUT = IL, the higher and lower peak of ΔiL can be determined.
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图 3：大电流环路

CCM 和 DCM 操作模式

VIN = 12 V，VO = 3.3 V，IO = 3 A/0.3 A

不连续导通和连续导通模式

在轻负载条件下，稳压器将工作于不连续导通模式 (DCM)。当负

载电流高于临界导通点时，其将工作于连续导通模式 (CCM)。当

在 DCM 中运作时，电感器电流被维持在一个等于 Iout 的平均

值。在 DCM 中，当电感器电流减小至零时，低端开关将断开，

这将引致电感器电流发生谐振。尽管处于 DCM 中，但允许电流

稍稍变至负值以给自举电容器充电。

在 CCM 中，电流在整个开关周期中流经电感器，而且在关断时

间里绝对不会降至零。

下面给出了一对波形，用于比较 CCM（靠上的波形）和 DCM 
操作模式。

确定 DCM / CCM 边界的近似计算公式如下：

模块内部的电感器为 2.2μH。该电感值被选择为低输入电压和

高输入电压应用之间的一个上佳的平衡点。受电感器影响的主要

参数为电感器纹波电流 (ΔiL) 的大小。ΔiL 可采用下式计算：

式中的 VIN 为最大输入电压，fSW 通常为 359 kHz。

倘若输出电流 IOUT 是通过假设 IOUT = IL 确定的，那么就能确定 
ΔiL 的上限和下限峰值。



Typical Application Schematic Diagram and BOM
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FIGURE 4.

Typical Application Bill of Materials — Table 1
Ref Des Description Case Size Manufacturer Manufacturer P/N

U1 SIMPLE SWITCHER ® TO-PMOD-11 National Semiconductor LMZ13610TZ

CIN1,6 (OPT) 0.047 µF, 50V, X7R 1206 Yageo America CC1206KRX7R9BB473

CIN2,3,4 10 µF, 50V, X7R 1210 Taiyo Yuden UMK325BJ106MM-T

CIN5 (OPT) CAP, AL, 150µF, 50V Radial G Panasonic EEE-FK1H151P

CO1,5 (OPT) 0.047 µF, 50V, X7R 1206 Yageo America CC1206KRX7R9BB473

CO2 (OPT) 47 µF, 10V, X7R 1210 Murata GRM32ER61A476KE20L

CO3,4 330 μF, 6.3V, 0.015 ohm CAPSMT_6_UE Kemet T520D337M006ATE015

RFBT 3.32 kΩ 0805 Panasonic ERJ-6ENF3321V

RFBB 1.07 kΩ 0805 Panasonic ERJ-6ENF1071V

RENT 42.2 kΩ 0805 Panasonic ERJ-6ENF4222V

RENB 12.7 kΩ 0805 Panasonic ERJ-6ENF1272V

CSS 0.47 μF, ±10%, X7R, 16V 0805 AVX 0805YC474KAT2A

D1 (OPT) 5.1V, 0.5W SOD-123 Diodes Inc. MMSZ5231BS-7-F
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典型应用原理示意图和材料清单 (BOM)

图 4
典型应用材料清单 － 表 1

参考标志 说明 外壳规格 制造商 制造商的器件型号

U1 SIMPLE SWITCHER® TO-PMOD-11 National Semiconductor LMZ13610TZ

CIN 1, 6 (OPT) 0.047μF，50 V，X7R 1206 Yageo America CC1206KRX7R9BB473

CIN 2, 3, 4 10μF，50 V，X7R 1210 Taiyo Yuden UMK325BJ106MM-T

CIN 5 (OPT) 电容器，铝，150μF，50 V Radial G Panasonic EEE-FK1H151P

CO 1, 5 (OPT) 0.047μF，50 V，X7R 1206 Yageo America CC1206KRX7R9BB473

CO 2 (OPT) 47μF，10 V，X7R 1210 Murata GRM32ER61A476KE20L

CO 3, 4 330μF，6.3 V，0.015Ω CAPSMT_6_UE Kemet T520D337M006ATE015

RFBT 3.32 kΩ 0805 Panasonic ERJ-6ENF3321V

RFBB 1.07 kΩ 0805 Panasonic ERJ-6ENF1071V

RENT 42.2 kΩ 0805 Panasonic ERJ-6ENF4222V

RENB 12.7 kΩ 0805 Panasonic ERJ-6ENF1272V

CSS 0.047μF，±10%，X7R，16 V 0805 AVX 0805YC474KAT2A

D1 (OPT) 5.1 V，0.5 W SOD-123 Diode Inc. MMSZ5231BS-7-F
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FIGURE 5. Layout Example

www.national.com 20

L
M

Z
13

61
0

图 5：布局示例



Physical Dimensions inches (millimeters) unless otherwise noted

11-Lead TZA Package
NS Package Number TZA11A
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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。

推荐的焊盘图形

封装的底部

封装的顶部

尺寸以毫米 (mm) 为单位

圆括号 ( ) 内的尺寸仅供参考

11 引脚 TZA 封装

NS 封装编号 TZA11A
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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。

产品

数字音频   www.ti.com.cn/audio
放大器和线性器件  www.ti.com.cn/amplifiers
数据转换器  www.ti.com.cn/dataconverters
DLP® 产品  www.dlp.com
DSP - 数字信号处理器 www.ti.com.cn/dsp
时钟和计时器  www.ti.com.cn/clockandtimers
接口   www.ti.com.cn/interface
逻辑   www.ti.com.cn/logic
电源管理   www.ti.com.cn/power
微控制器(MCU)   www.ti.com.cn/microcontrollers
RFID 系统  www.ti.com.cn/rfidsys
OMAP 机动性处理器 www.ti.com/omap
无线连通性  www.ti.com.cn/wirelessconnectivity

应用

通信与电信  www.ti.com.cn/telecom
计算机及周边  www.ti.com.cn/computer
消费电子   www.ti.com/consumer-apps
能源   www.ti.com/energy
工业应用   www.ti.com.cn/industrial
医疗电子   www.ti.com.cn/medical
安防应用   www.ti.com.cn/security
汽车电子   www.ti.com.cn/automotive
视频和影像  www.ti.com.cn/video
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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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PACKAGE MATERIALS INFORMATION

  

www.ti.com 9-Aug-2022

TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*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

LMZ13610TZE/NOPB PFM NDY 11 250 330.0 32.4 15.45 18.34 6.2 20.0 32.0 Q2

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

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

LMZ13610TZE/NOPB PFM NDY 11 250 367.0 367.0 55.0

Pack Materials-Page 2



PACKAGE MATERIALS INFORMATION
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TUBE
 
 

L - Tube length
T - Tube  
height

W - Tube  
width

B - Alignment groove width
 
 
*All dimensions are nominal

Device Package Name Package Type Pins SPQ L (mm) W (mm) T (µm) B (mm)

LMZ13610TZ/NOPB NDY TO-PMOD 11 32 502 22 7500 13.1

Pack Materials-Page 3



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 © 2022，德州仪器 (TI) 公司
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