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具具有有可可调调节节限限流流功功能能的的 LM25011、、LM25011-Q1、、LM25011A、、
LM25011A-Q1 42V、、2A 恒恒定定导导通通时时间间开开关关稳稳压压器器

1

1 特特性性

1• LM25011-Q1 是一款汽车级产品，符合 AEC-Q100
1 级标准（运行结温范围为 –40°C 至 +125°C）

• LM25011A 可在高开关频率下实现低压降运行

• 输入工作电压范围：6V 至 42V
• 绝对最大输入额定值：45V
• 集成型 2A N 通道降压开关

• 可调节限流功能支持使用更小的电感器

• 可调节输出电压（以 2.51V 为基准电压）

• VOUT 上的最小纹波电压

• 电源正常输出

• 开关频率可调节至 2MHz
• COT 拓扑 特性：

– 负载电流和输入电压变化时可保持几乎恒定的开
关频率

– 超快速瞬态响应

– 无需环路补偿

– 使用陶瓷输出电容器实现稳定运行

– 可使用更小的输出电容器和电流检测电阻器

• 可调软启动计时

• 热关断

• 精度 2% 的反馈基准电压

• 封装：10 引脚 HVSSOP
• 使用 LM25011 系列并借助 WEBENCH 电源设计器

创建定制设计方案

2 应应用用

• 汽车安全

• 信息娱乐系统

• 电信

• 前置摄像头

3 说说明明

LM25011 恒定导通降压开关稳压器 具有 所有必需功

能，可用于实现具备低成本高效率且能提供 2A 负载电

流的降压偏置稳压器。此高压稳压器包含一个 N 通道

降压开关、一个启动稳压器、一个限流检测和内部纹波

控件。恒定导通调节原则无需环路补偿，从而可实现快

速负载瞬态响应，并简化电路实现。工作频率不会随线

路和负载的变化而变化。可调节的谷值电流限制检测有

助于在达到限流时实现从恒压模式向恒流模式的平稳转

换，而无需使用折返式电流限制。当输出电压已升至预

期调节值的 5% 范围内时，PGD 输出将进行指示。其

他 功能 包括：低输出纹波电压、输入电压欠压锁定、

可调软启动计时、热关断、栅极驱动预充电、栅极驱动

欠压锁定和最大占空比限制。

LM25011A 比 LM25011 具有更短的最小关断时间，从

而可在低输入电压下实现更高运行频率。

器器件件信信息息(1)

器器件件型型号号 封封装装 封封装装尺尺寸寸（（标标称称值值））

LM25011/-Q1
HVSSOP (10) 3.00mm x 3.00mm

LM25011A/-Q1

(1) 要了解所有可用封装，请见产品说明书末尾的可订购产品附
录。

典典型型应应用用
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5 Pin Configuration and Functions

10-Pin
HVSSOP Package

Top View

Pin Functions
PIN I/O DESCRIPTION APPLICATION INFORMATION

NUMBER NAME
1 VIN I Input supply voltage Operating input range is 6 V to 42 V. Transient capability is 45 V.

A low ESR capacitor must be placed as close as possible to the
VIN and SGND pins.

2 RT I On-time Control An external resistor from VIN to this pin sets the buck switch on-
time and the switching frequency.

3 PGD – Power Good Logic output indicates when the voltage at the FB pin has
increased to above 95% of the internal reference voltage.
Hysteresis is provided. An external pull-up resistor to a voltage
less than 7 V is required.

4 SS I Soft-Start An internal current source charges an external capacitor to
provide the soft-start function.

5 SGND Signal Ground Ground for all internal circuitry other than the current limit sense
circuit.

6 FB I Feedback Internally connected to the regulation comparator. The regulation
level is 2.51 V.

7 CSG – Current Sense Ground Ground connection for the current limit sensing circuit. Connect to
ground and to the current sense resistor.

8 CS I Current sense Connect to the current sense resistor and the anode of the free-
wheeling diode.

9 SW O Switching Node Internally connected to the buck switch source. Connect to the
external inductor, cathode of the free-wheeling diode, and
bootstrap capacitor.

10 BST I Bootstrap capacitor connection of
the buck switch gate driver.

Connect a 0.1-µF capacitor from SW to this pin. The capacitor is
charged during the buck switch off-time via an internal diode.

- EP – Exposed Pad Exposed pad on the underside of the package. This pad should
be soldered to the PC board ground plane to aid in heat
dissipation.
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(1) Absolute Maximum Ratings(1) are limits beyond which damage to the device may occur. Recommended Operating Conditions are
conditions under which operation of the device is intended to be functional. For specifications and test conditions, see the Electrical
Characteristics .

6 Specifications

6.1 Absolute Maximum Ratings (1)

MIN MAX UNIT
VIN to SGND (TJ = 25°C) 45 V
BST to SGND 52 V
SW to SGND (Steady State) –1.5 45 V
BST to SW –0.3 7 V
CS to CSG –0.3 0.3 V
CSG to SGND –0.3 0.3 V
PGD to SGND –0.3 7 V
SS to SGND –0.3 3 V
RT to SGND –0.3 1 V
FB to SGND –0.3 7 V
For soldering specs, see www.ti.com/packaging.
Junction Temperature 150 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.2 Handling Ratings: LM25011
MIN MAX UNIT

Tstg Storage temperature range –65 150 °C

V(ESD) Electrostatic discharge

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001,
all pins (1)

2000

V
Charged device model (CDM), per JEDEC specification
JESD22-C101, all pins (2)

750

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Handling Ratings: LM25011-Q1
MIN MAX UNIT

Tstg Storage temperature range –65 150 °C

V(ESD) Electrostatic discharge

Human body model (HBM), per AEC Q100-002 (1) 2000

VCharged device model (CDM), per
AEC Q100-011

Corner pins (1, 5, 6,
and 10)

750

Other pins 750

(1) Absolute Maximum Ratings(1) are limits beyond which damage to the device may occur. Recommended Operating Conditions are
conditions under which operation of the device is intended to be functional. For specifications and test conditions, see the Electrical
Characteristics .

6.4 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT
VIN Voltage 6.0 42 V
Junction Temperature –40 125 °C
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(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Thermal Information

THERMAL METRIC (1) HVSSOP (DGQ)
UNIT

10 PINS
RθJA Junction-to-ambient thermal resistance 48

°C/W

RθJC(top) Junction-to-case (top) thermal resistance 54.3
RθJB Junction-to-board thermal resistance 34.2
ψJT Junction-to-top characterization parameter 4.0
ψJB Junction-to-board characterization parameter 33.9
RθJC(bot) Junction-to-case (bottom) thermal resistance 10
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(1) Current flow out of a pin is indicated as a negative number.
(2) All hot and cold limits are specified by correlating the electrical characteristics to process and temperature variations and applying

statistical process control.
(3) The junction temperature (TJ in °C) is calculated from the ambient temperature (TA in °C) and power dissipation (PD in watts) as follows:

TJ = TA + (PD × RθJA ) where RθJA (in °C/W) is the package thermal impedance provided in the Thermal Information section.

6.6 Electrical Characteristics
Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over –40°C to 125°C junction temperature range
unless otherwise stated. Unless otherwise stated, the following conditions apply: VIN = 12 V, RT = 50 kΩ. (1) (2) (3)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT (VIN PIN)

IIN Input operating current Non-switching, FB = 3 V 1200 1600 µA
UVLOVIN VIN undervoltage lock-out threshold VIN increasing 4.6 5.3 5.9 V

VIN undervoltage lock-out threshold hysteresis 200 mV
SWITCH CHARACTERISTICS

RDS(ON) Buck Switch RDS(ON) ITEST = 200 mA 0.3 0.6 Ω
UVLOGD Gate Drive UVLO BST-SW 2.4 3.4 4.4 V

UVLOGD Hysteresis 350 mV
Pre-charge switch voltage ITEST = 10 mA into SW pin 1.4 V
Pre-charge switch on-time 120 ns

SOFT-START PIN
VSS Pullup voltage 2.51 V
ISS Internal current source 10 µA

VSS-SH Shutdown threshold 70 140 mV
CURRENT LIMIT

VILIM Threshold voltage at CS –146 –130 –115 mV
CS bias current FB = 3 V –120 µA
CSG bias current FB = 3 V –35 µA

ON TIMER, RT PIN
tON - 1 On-time VIN = 12 V, RT = 50 kΩ 150 200 250 ns
tON - 2 On-time VIN = 32 V, RT = 50 kΩ 75 ns
tON - 3 On-time (current limit) LM25011 VIN = 12 V, RT = 50 kΩ 100 ns
tON - 3 On-time (current limit) LM25011A VIN = 12 V, RT = 50 kΩ 200 ns
tON - 4 On-time VIN = 12 V, RT = 301 kΩ 1020 ns
tON - 5 On-time VIN = 9 V, RT = 30.9 kΩ 130 171 215 ns
tON - 6 On-time VIN = 12 V, RT = 30.9 kΩ 105 137 170 ns
tON - 7 On-time VIN = 16 V, RT = 30.9 kΩ 79 109 142 ns

OFF TIMER
tOFF Minimum off-time (LM25011) 90 150 208 ns

Minimum off-time (LM25011A) 52 75 93
REGULATION COMPARATOR (FB PIN)

VREF FB regulation threshold SS pin = steady state 2.46 2.51 2.56 V
FB bias current FB = 3 V 100 nA

POWER GOOD (PGD PIN)
Threshold at FB, with respect to VREF FB increasing 91% 95%
Threshold hysteresis 3.3%

PGDVOL Low state voltage IPGD = 1 mA, FB = 0 V 125 180 mV
PGDLKG Off state leakage VPGD = 7 V, FB = 3 V 0.1 µA

THERMAL SHUTDOWN
TSD Thermal shutdown Junction temperature increasing 155 °C

Thermal shutdown hysteresis 20 °C



7

LM25011, LM25011-Q1, LM25011A, LM25011A-Q1
www.ti.com.cn ZHCSIM4H –APRIL 2009–REVISED NOVEMBER 2014

Copyright © 2009–2014, Texas Instruments Incorporated

6.7 Typical Characteristics

Figure 1. Efficiency (Circuit of Figure 19) Figure 2. Efficiency at 2 MHz

Figure 3. On-Time vs VIN and RT Figure 4. Voltage at the RT Pin

Figure 5. Shutdown Current into VIN Figure 6. Operating Current into VIN
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Typical Characteristics (continued)

Figure 7. PGD Low Voltage vs Sink Current Figure 8. Reference Voltage vs Temperature

Figure 9. Current Limit Threshold vs Temperature Figure 10. Operating Current vs Temperature

Figure 11. VIN UVLO vs Temperature Figure 12. SS Pin Shutdown Threshold vs Temperature
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Typical Characteristics (continued)

Figure 13. On-Time vs Temperature Figure 14. Minimum Off-Time vs Temperature
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7 Detailed Description

7.1 Overview
The LM25011 constant on-time step-down switching regulator features all the functions needed to implement a
low-cost, efficient buck bias power converter capable of supplying up to 2.0 A to the load. This high-voltage
regulator contains an N-Channel buck switch, is easy to implement, and is available in a 10-pin VSSOP,
PowerPAD power enhanced package. The operation of the regulator is based on a constant on-time control
principle with the on-time inversely proportional to the input voltage. This feature results in the operating
frequency remaining relatively constant with load and input voltage variations. The constant on-time feedback
control principle requires no loop compensation resulting in very fast load transient response. The adjustable
valley current limit detection results in a smooth transition from constant voltage to constant current when current
limit is reached. To aid in controlling excessive switch current due to a possible saturating inductor, the on-time is
reduced by approximately 40% when the current limit is detected. The Power Good output (PGD pin) indicates
when the output voltage is within 5% of the expected regulation voltage.

The LM25011 can be implemented to efficiently step-down higher voltages in non-isolated applications.
Additional features include: low output ripple, VIN under-voltage lock-out, adjustable soft-start timing, thermal
shutdown, gate drive pre-charge, gate drive under-voltage lock-out, and maximum duty-cycle limit.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Control Circuit Overview
The LM25011 buck regulator employs a control principle based on a comparator and a one-shot on-timer, with
the output voltage feedback (FB) compared to an internal reference (2.51 V). If the FB voltage is below the
reference, the internal buck switch is switched on for the one-shot timer period which is a function of the input
voltage and the programming resistor (RT). Following the on-time, the switch remains off until the FB voltage falls
below the reference, but never less than the minimum off-time forced by the off-time one-shot timer. When the
FB pin voltage falls below the reference and the off-time one-shot period expires, the buck switch is then turned
on for another on-time one-shot period.



RT =
VOUT - (VIN x FS x 15 ns)

FS x 4.1 x 10-11
- 500:

tON =
(VIN)
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FS =
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2 x L1 x 1.19 x 1021

RL x RT
2

DC =
tON

tON + tOFF 
== tON x FS

VOUT

VIN 

FS =
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Feature Description (continued)
When in regulation, the LM25011 operates in continuous conduction mode at heavy load currents and
discontinuous conduction mode at light load currents. In continuous conduction mode, the inductor current is
always greater than zero and the operating frequency remains relatively constant with load and line variations.
The minimum load current for continuous conduction mode is one-half of the ripple current amplitude of the
inductor. The approximate operating frequency is calculated as follows:

(1)

The buck switch duty cycle is approximately equal to:

(2)

When the load current is less than one-half of the ripple current amplitude of the inductor, the circuit operates in
discontinuous conduction mode. The off-time is longer than in continuous conduction mode while the inductor
current is zero, causing the switching frequency to reduce as the load current is reduced. Conversion efficiency is
maintained at light loads because the switching losses are reduced with the reduction in load and frequency. The
approximate discontinuous operating frequency can be calculated as follows:

(3)

where RL = the load resistance, and L1 is the inductor in the circuit.

The output voltage is set by the two feedback resistors (RFB1, RFB2 in the Functional Block Diagram ). The
regulated output voltage is calculated as follows:

VOUT = 2.51 V × (RFB1 + RFB2) / RFB1 (4)

Ripple voltage, which is required at the input of the regulation comparator for proper output regulation, is
generated internally in the LM25011, and externally when the LM25011A is used. In the LM25011 the ERM
(emulated ripple mode) control circuit generates the required internal ripple voltage from the ripple waveform at
the CS pin. The LM25011A, which is designed for higher frequency operation, requires additional ripple voltage
which must be generated externally and provided to the FB pin. This is described in the Application and
Implementation section.

7.3.2 On-Time Timer
The on-time for the LM25011/LM25011A is determined by the RT resistor and the input voltage (VIN), calculated
from:

(5)

The inverse relationship with VIN results in a nearly constant frequency as VIN is varied. To set a specific
continuous conduction mode switching frequency (FS), the RT resistor is determined from the following:

(6)

The on-time must be chosen greater than 90 ns for proper operation. Equation 1, Equation 5, and Equation 6 are
valid only during normal operation; that is, the circuit is not in current limit. When the LM25011 operates in
current limit, the on-time is reduced by approximately 40% (this feature is not present in LM25011A). This feature
reduces the peak inductor current which may be excessively high if the load current and the input voltage are
simultaneously high. This feature operates on a cycle-by-cycle basis until the load current is reduced and the
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Feature Description (continued)
output voltage resumes its normal regulated value. The maximum continuous current into the RT pin must be
less than 2 mA. For high-frequency applications, the maximum switching frequency is limited at the maximum
input voltage by the minimum on-time one-shot period (90 ns). At minimum input voltage the maximum switching
frequency is limited by the minimum off-time one-shot period which, if reached, prevents achievement of the
proper duty cycle.

7.3.3 Current Limit
Current limit detection occurs during the off-time by monitoring the voltage across the external current sense
resistor RS. Referring to the Functional Block Diagram , during the off-time the recirculating current flows through
the inductor, through the load, through the sense resistor, and through D1 to the inductor. If the voltage across
the sense resistor exceeds the threshold (VILIM), the current limit comparator output switches to delay the start of
the next on-time period. The next on-time starts when the recirculating current decreases such that the voltage
across RS reduces to the threshold and the voltage at FB is below 2.51 V. The operating frequency is typically
lower due to longer-than-normal off-times. When current limit is detected, the on-time is reduced by
approximately 40% (only in LM25011) if the voltage at the FB pin is below its threshold when the voltage across
RS reduces to its threshold (VOUT is low due to current limiting).

Figure 15 illustrates the inductor current waveform during normal operation and in current limit. During the first
normal operation, the load current is I01, the average of the inductor current waveform. As the load resistance is
reduced, the inductor current increases until the lower peak of the inductor ripple current exceeds the threshold.
During the current limited portion of Figure 15, each on-time is reduced by approximately 40%, resulting in lower
ripple amplitude for the inductor current. During this time the LM25011 is in a constant-current mode with an
average load current equal to the current limit threshold plus half the ripple amplitude (IOCL), and the output
voltage is below the normal regulated value. Normal operation resumes when the load current is reduced (to IO2),
allowing VOUT and the on-time to return to their normal values. Note that in the second period of normal
operation, even though the peak current of the inductor exceeds the current limit threshold during part of each
cycle, the circuit is not in current limit because the inductor current falls below the current limit threshold during
each off-time. The peak current allowed through the buck switch is 3.5 A and the maximum allowed average
current is 2.0 A.

Figure 15. Normal and Current Limit Operation
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Feature Description (continued)
7.3.4 Ripple Requirements
The LM25011 requires about 25 mVP-P of ripple voltage at the CS pin. Higher switching frequencies may require
more ripple. That ripple voltage is generated by the decreasing recirculating current (the inductor ripple current)
through RS during the off-time. See Figure 16.

Figure 16. CS Pin Waveform

The ripple voltage is equal to:
VRIPPLE = ΔI × RS (7)

where ΔI is the inductor current ripple amplitude, and RS is the current-sense resistor at the CS pin.

More ripple can be achieved by decreasing the inductor value.

The LM25011A, with its shorter minimum off-time, typically will require more ripple than the LM25011. An
external circuit to increase the effective ripple voltage may be needed. Different methods of generating this ripple
are explained in the External Components section.

7.3.5 N-Channel Buck Switch and Driver
The LM25011 integrates an N-Channel buck switch and associated floating high-voltage gate driver. The gate
driver circuit works in conjunction with an external bootstrap capacitor (CBST) and an internal high-voltage diode.
A 0.1-µF capacitor connected between BST and SW provides the supply voltage for the driver during the on-
time. During each off-time, the SW pin is at approximately –1 V, and CBST is recharged from the internal 5-V
regulator for the next on-time. The minimum off-time ensures a sufficient time each cycle to recharge the
bootstrap capacitor.

In applications with relatively high output voltage and low minimum load current, the internal pre-charge device of
the LM25011 may not pull the SW pin sufficiently low during the off-time to maintain the voltage on the bootstrap
capacitor. If the bootstrap capacitor (CBST) discharges during the long off-times, and the regulator will cycle on
and off at a low frequency. Decreasing the values of the feedback resistors RFB1 and RFB2 to provide a minimum
load of typically 1mA at nominal VOUT will increase the minimum switching frequency and maintain sufficient
bootstrap capacitor voltage.

7.3.6 Soft-Start
The soft-start feature allows the converter to gradually reach a steady-state operating point, thereby reducing
startup stresses and current surges. Upon turn-on, when VIN reaches its undervoltage lock-out threshold an
internal 10-µA current source charges the external capacitor at the SS pin to 2.51 V (t1 in Figure 17). The
ramping voltage at SS ramps the non-inverting input of the regulation comparator and the output voltage, in a
controlled manner. For proper operation, the soft-start capacitor should be no smaller than 1000 pF.
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Feature Description (continued)
The LM25011 can be employed as a tracking regulator by applying the controlling voltage to the SS pin. The
output voltage of the regulator tracks the applied voltage, gained up by the ratio of the feedback resistors. The
applied voltage at the SS pin must be within the range of 0.5 V to 2.6 V. The absolute maximum rating for the SS
pin is 3.0 V. If the tracking function causes the voltage at the FB pin to go below the thresholds for the PGD pin,
the PGD pin will switch low (see the Power Good Output (PGD) section). An internal switch grounds the SS pin if
the input voltage at VIN is below its undervoltage lock-out threshold or if the thermal shutdown activates. If the
tracking function (described above) is used, the tracking voltage applied to the SS pin must be current limited to
a maximum of 1 mA.

Figure 17. Startup Sequence

7.3.7 Power Good Output (PGD)
The Power Good output (PGD) indicates when the voltage at the FB pin is close to the internal 2.51-V reference
voltage. The rising threshold at the FB pin for the PGD output to switch high is 95% of the internal reference. The
falling threshold for the PGD output to switch low is approximately 3.3% below the rising threshold.

The PGD pin is internally connected to the drain of an N-channel MOSFET switch. An external pull-up resistor
(RPGD), connected to an appropriate voltage not exceeding 7 V, is required at PGD to indicate the LM25011
status to other circuitry. When PGD is low, the pin voltage is determined by the current into the pin. See Figure 7,
PGD Low Voltage vs Sink Current.
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Feature Description (continued)
Upon powering up the LM25011, the PGD pin is high until the voltage at VIN reaches 2 V, at which time PGD
switches low. As VIN is increased, PGD stays low until the output voltage takes the voltage at the FB pin above
95% of the internal reference voltage, at which time PGD switches high. As VIN is decreased (during shutdown),
PGD remains high until either the voltage at the FB pin falls below approximately 92% of the internal reference or
when VIN falls below its lower UVLO threshold, whichever occurs first. PGD then switches low, and remains low
until VIN falls below 2 V, at which time PGD switches high. If the LM25011 is used as a tracking regulator (see
the Soft-Start section), the PGD output is high as long as the voltage at the FB pin is above the thresholds
mentioned above.

7.3.8 Thermal Shutdown
The LM25011 should be operated so the junction temperature does not exceed 125°C. If the junction
temperature increases above that, an internal thermal shutdown circuit activates (typically) at 155°C, taking the
controller to a low-power reset state by disabling the buck switch and taking the SS pin to ground. This feature
helps prevent catastrophic failures from accidental device overheating. When the junction temperature decreases
below 135°C (typical hysteresis = 20°C), normal operation resumes.

7.4 Device Functional Modes

7.4.1 Shutdown Function
The SS pin can be used to shutdown the LM25011 by grounding the SS pin as shown in Figure 18. Releasing
the pin allows normal operation to resume.

Figure 18. Shutdown Implementation
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information
The LM25011/LM25011-Q1 is a non-synchronous buck regulator designed to operate over a wide input voltage
range and output current. Spreadsheet-based quick-start calculation tools and the on-line WEBENCH® software
can be used to create a buck design with the bill of materials, estimated efficiency, and the complete solution
cost.

8.2 Typical Application

8.2.1 LM25011 Example Circuit
The final circuit is shown in Figure 19, and its performance is shown in Figure 20 and Figure 21. The current limit
measures approximately 1.62 A at VIN = 8 V, and 1.69 A at VIN = 36 V.

Figure 19. Example Circuit

8.2.1.1 Design Requirements
Table 1 shows the design parameters.

Table 1. Design Parameters
DESIGN PARAMETER VALUE

Input voltage range 8 V to 36 V
Output voltage 5 V
Maximum load current (IOUT(max)) 1.5 A
Minimum load current (IOUT(min)) 300 mA
Switching frequency (FSW) 1 MHz
Soft-start time 5 ms



RT =
5 - (8V x 1MHz x 15 ns)

1MHz x 4.1 x 10-11 - 500:�= 118.5 k:

tOFF(min) =
VIN(min) - VOUT

VIN(min) x FS
= 375 ns

8V - 5V
8V x 1 MHz

=

tON(min) =
VOUT

VIN(max) x FS
= 139 ns

5V
36V x 1 MHz

=
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8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the LM25011 device with the WEBENCH® Power Designer.
1. Start by entering your VIN, VOUT and IOUT requirements.
2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and

compare this design with other possible solutions from Texas Instruments.
3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real

time pricing and component availability.
4. In most cases, you will also be able to:

– Run electrical simulations to see important waveforms and circuit performance,
– Run thermal simulations to understand the thermal performance of your board,
– Export your customized schematic and layout into popular CAD formats,
– Print PDF reports for the design, and share your design with colleagues.

5. Get more information about WEBENCH tools at www.ti.com/webench.

8.2.1.2.2 External Components

The procedure for calculating the external components is illustrated with a design example using the LM25011.
Referring to the Functional Block Diagram , the circuit is to be configured for the following specifications:
• VOUT = 5 V
• VIN = 8 V to 36 V
• Minimum load current for continuous conduction mode IOUT(min) = 300 mA
• Maximum load current IOUT(max) = 1.5 A
• Switching frequency (FSW) = 1.0 MHz
• Soft-start time = 5 ms

RFB2 and RFB1: These resistors set the output voltage, and their ratio is calculated from:
RFB2/RFB1 = (VOUT / 2.51 V) – 1 (8)

For this example, RFB2/RFB1 = 0.992. RFB1 and RFB2 should be chosen from standard value resistors in the range
of 1.0 kΩ to 10 kΩ which satisfy the above ratio. For this example, 4.99 kΩ is chosen for both resistors, providing
a 5.02-V output.

RT: This resistor sets the on-time and (by default) the switching frequency. First check that the desired frequency
does not require an on-time or off-time shorter than the minimum allowed values (90 ns and 150, respectively).
The minimum on-time occurs at the maximum input voltage. For this example:

(9)

The minimum off-time occurs at the minimum input voltage. For this example:

(10)

Both the on-time and off-time are acceptable because they are significantly greater than the minimum value for
each. The RT resistor is calculated from Equation 6 using the minimum input voltage:

(11)

A standard value 118-kΩ resistor is selected. The minimum on-time calculates to 152 ns at VIN = 36 V, and the
maximum on-time calculates to 672 ns at VIN = 8 V.



Duty Cycle = D = = = 13.9%
VOUT
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L1(min) =
tON(min) x (VIN(max) - VOUT)

IOR(max)
= 7.85 PH
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L1: The parameters controlled by the inductor are the inductor current ripple amplitude (IOR), and the ripple
voltage amplitude across the current sense resistor RS. The minimum load current is used to determine the
maximum allowable ripple to maintain continuous conduction mode (the lower peak does not reach 0 mA). This
is not a requirement of the LM25011, but serves as a guideline for selecting L1. For this example, the maximum
ripple current should be less than:

IOR(max) = 2 × IOUT(min) = 600 mAP-P (12)

For applications where the minimum load current is zero, a good starting point for allowable ripple is 20% of the
maximum load current. In this case substitute 20% of IOUT(max) for IOUT(min) in Equation 12. The ripple amplitude
calculated in Equation 12 is then used in Equation 13:

(13)

A standard value 10-µH inductor is chosen. Using this inductor value, the maximum ripple current amplitude,
which occurs at maximum VIN, calculates to 472 mAP-P, and the peak current is 1736 mA at maximum load
current. Ensure the selected inductor is rated for this peak current. The minimum ripple current, which occurs at
minimum VIN, calculates to 200 mAP-P.

RS: The minimum current limit threshold is calculated at maximum load current using the minimum ripple current
calculated above. The current limit threshold is the lower peak of the inductor current waveform when in current
limit (see Figure 15).

ILIM = 1.5 A – (0.2 A / 2) = 1.4 A (14)

Current limit detection occurs when the voltage across the sense resistor (RS) reaches the current limit threshold.
To allow for tolerances, the sense resistor value is calculated using the minimum threshold specification:

RS = 115 mV / 1.4 A = 82 mΩ (15)

The next smaller standard value, 80 mΩ, is selected. The next step is to ensure that sufficient ripple voltage
occurs across RS with this value sense resistor. As mentioned in the Ripple Requirements section, a minimum of
15-mVP-P voltage ripple is required across the RS sense resistor during the off-time to ensure the regulation
circuit operates properly. The ripple voltage is the product of the inductor ripple current amplitude and the sense
resistor value. In this case, the minimum ripple voltage calculates to:

VRIPPLE = ΔI × RS = 200 mA × 0.080 Ω = 16 mV (16)

If the ripple voltage had calculated to less than 15 mVP-P, the inductor value would have to be reduced to
increase the ripple current amplitude. This would have required a recalculation of ILIM and RS in the above
equations. Because the minimum requirement is satisfied in this case, no change is necessary.

The nominal current limit threshold calculates to 1.63 A. The minimum and maximum thresholds calculate to 1.44
A and 1.83 A, respectively, using the minimum and maximum limits for the current limit threshold specification.
The load current is equal to the threshold current plus one-half of the ripple current. Under normal load
conditions, the maximum power dissipation in RS occurs at maximum load current, and at maximum input voltage
where the on-time duty cycle is minimum. In this design example, the minimum on-time duty cycle is:

(17)

At maximum load current, the power dissipation in RS is equal to:
P(RS) = (1.5 A)2 × 0.080 Ω × (1 – 0.139) = 155 mW (18)

When in current limit the maximum power dissipation in RS calculates to
P(RS) = (1.83 A + 0.472 A / 4)2 × 0.080 Ω = 304 mW (19)

Duty cycle is not included in this power calculation because the on-time duty cycle is typically <5% when in
current limit.

COUT: The output capacitor should typically be no smaller than 3.3 µF, although that is dependent on the
frequency and the desired output characteristics. COUT should be a low ESR good-quality ceramic capacitor.
Experimentation is usually necessary to determine the minimum value for COUT, as the nature of the load may
require a larger value. A load which creates significant transients requires a larger value for COUT than a non-
varying load.



CSS =
2.51V
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=
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CIN and CBYP: The purpose of CIN is to supply most of the switch current during the on-time, and limit the voltage
ripple at VIN, because it is assumed the voltage source feeding VIN has some amount of source impedance.
When the buck switch turns on, the current into VIN suddenly increases to the lower peak of the inductor ripple
current, then ramps up to the upper peak, and finally drops to zero at turn-off. The average current during the on-
time is the average load current. For a worst case calculation, CIN must supply this average load current during
the maximum on-time, without letting the voltage at the VIN pin drop below a minimum operating level of 5.5 V.
For this exercise 0.5 V is chosen as the maximum allowed input ripple voltage. Using the maximum load current,
the minimum value for CIN is calculated from:

(20)

where tON is the maximum on-time, and ΔV is the allowable ripple voltage at VIN. The purpose of CBYP is to
minimize transients and ringing due to long lead inductance leading to the VIN pin. A low ESR 0.1-µF ceramic
chip capacitor is recommended, and CBYP must be located close to the VIN and SGND pins.

CBST: The recommended value for CBST is 0.1 µF. A high-quality ceramic capacitor with low ESR is
recommended as CBST supplies a surge current to charge the buck switch gate at each turn-on. A low ESR also
helps ensure a complete recharge during each off-time.

CSS: The capacitor at the SS pin determines the soft-start time, that is, the time for the output voltage to reach its
final value (t1 in Figure 17). For a soft-start time of 5 ms, the capacitor value is determined from the following:

(21)

D1: A Schottky diode is recommended. Ultra-fast recovery diodes are not recommended as the high-speed
transitions at the SW pin may affect the regulator operation due to the reverse recovery transients of the diode.
The diode must be rated for the maximum input voltage, the maximum load current, and the peak current which
occurs when the current limit and maximum ripple current are reached simultaneously. The average power
dissipation of the diode is calculated from:

PD1 = VF × IOUT × (1 – D) (22)

where VF is the forward voltage drop of the diode, and D is the on-time duty cycle.

8.2.1.3 Application Curves

Figure 20. Efficiency (Circuit of Figure 19) Figure 21. Frequency vs VIN (Circuit of Figure 19)
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8.2.2 Output Ripple Control
High frequency applications of the LM25011 or LM25011A are likely to require more ripple voltage than is
internally generated across the RS resistor. Additional ripple can be supplied to the FB pin, in phase with the
switching waveform at the SW pin, for proper operation. The required ripple can be supplied from ripple
generated at VOUT, through the feedback resistors, as described in Option A: Lowest Cost Configuration . Option
B: Intermediate VOUT Ripple Configuration and Option C: Minimum VOUT Ripple Configuration use one or two
additional components to provide ripple at the FB pin with lower output ripple at VOUT.

The amount of additional ripple voltage needed at the FB pin is typically in the range of 30 mV to 150 mV. Higher
switching frequencies or higher inductor values (less ripple current) require more external ripple voltage injected
at the FB pin. Insufficient ripple voltage will result in frequency jitter. For a particular application, add only as
much ripple as needed to stabilize the switching frequency over the required input voltage.

8.2.2.1 Option A: Lowest Cost Configuration
In this configuration R1 is installed in series with the output capacitor (COUT) as shown in Figure 22. The ripple
current of the inductor passes through R1, generating a ripple voltage at VOUT. The minimum value for R1 is:

(23)

where ΔI is the minimum ripple current amplitude, which occurs at minimum VIN, and VRIPPLE is the peak to peak
ripple voltage injected at the FB pin.

Figure 22. Option A – Lowest Cost Ripple Configuration

8.2.2.2 Option B: Intermediate VOUT Ripple Configuration
This configuration generates less ripple at VOUT than Option A by the addition of capacitor (Cff) as shown in
Figure 23.

Because the output ripple is passed by Cff to the FB pin with little or no attenuation, the R1 value and VOUT ripple
can be smaller than in Option A. The minimum value for R1 is calculated from:

(24)

where ΔI is the minimum ripple current amplitude, which occurs at minimum VIN, and VRIPPLE is the peak-to-peak
ripple voltage injected at the FB pin. The minimum value for Cff is calculated from:

(25)

where tON(max) is the maximum on-time (at minimum VIN), and RFB1//RFB2 is the parallel equivalent of the feedback
resistors.
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Figure 23. Option B – Intermediate Ripple Configuration
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8.2.2.3 Option C: Minimum VOUT Ripple Configuration
In some applications, the VOUT ripple induced by series resistor R1 may not be acceptable. When low VOUT ripple
is required, an external ripple circuit, as shown in Figure 24, can be used to provide the required ripple at the FB
pin.
1. The time constant Rr × Cr should be more than 8 to 10 times the switching period to generate a triangular

waveform at the junction of Rr, Cr and Cac.
2. The minimum ripple at FB (at minimum VIN) is equal to: VRIPPLE = (VIN(min) – VOUT) × TON(max) / (Rr x Cr).
3. The ripple capacitor Cr should much smaller than the ac coupling capacitor Cac. Typically Cac = 100 nF, Cr

= 1 nF, and Rr is chosen to satisfy conditions 1 and 2 above.

Figure 24. Option C: Minimum Output Ripple Configuration
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9 Power Supply Recommendations
The LM25011 is designed to operate with an input power supply capable of supplying a voltage range between 6
V and 42 V. The power supply should be well regulated and capable of supplying sufficient current to the
regulator during peak load operation. Also, like in all applications, the power supply source impedance must be
small compared to the module input impedance to maintain the stability of the converter.

10 Layout

10.1 Layout Guidelines
The LM25011 regulation and current limit comparators are very fast, and respond to short-duration noise pulses.
Layout considerations are therefore critical for optimum performance. The layout must be as neat and compact
as possible, and all of the components must be as close as possible to their associated pins. The two major
current loops conduct currents which switch very fast, and therefore those loops must be as small as possible to
minimize conducted and radiated EMI. The first loop is formed by CIN, through the VIN to SW pins, LIND, COUT,
and back to CIN. The second current loop is formed by RS, D1, LIND, COUT, and back to RS. The ground
connection from CSG to the ground end of CIN should be as short and direct as possible.

10.2 Layout Example

Figure 25. Typical Layout

10.3 Power Dissipation
The power dissipation within the LM25011 can be approximated by determining the total conversion loss (PIN –
POUT) of the circuit, and then subtracting the power losses in the free-wheeling diode, the sense resistor, and the
inductor. The power loss in the diode is approximately:

PD1 = IOUT × VF × (1 – D) (26)

where IOUT is the load current, VF is the forward voltage drop of the diode, and D is the on-time duty cycle. The
power loss in the sense resistor is:

PRS = (IOUT)2 × RS × (1 – D) (27)

The power loss in the inductor is approximately:
PL1 = IOUT

2 × RL × 1.1 (28)

where RL is the dc resistance of the inductor, and the 1.1 factor is an approximation for the ac losses. If it is
expected that the internal dissipation of the LM25011 will produce excessive junction temperatures during normal
operation, good use of the ground plane of the PC board can help to dissipate heat. Additionally the use of wide
PC board traces, where possible, can help conduct heat away from the IC pins. Judicious positioning of the PC
board within the end product, along with the use of any available air flow (forced or natural convection) can help
reduce the junction temperature.
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11 器器件件和和文文档档支支持持

11.1 使使用用 WEBENCH 工工具具创创建建定定制制设设计计

请单击此处，使用 LM25011 器件并借助 WEBENCH®电源设计器创建定制设计。

1. 首先，输入您的输入电压、输出电压和输出电流要求。

2. 使用优化器拨盘优化效率、封装和成本等关键设计参数并将您的设计与德州仪器 (TI) 的其他可行解决方案进行
比较。

3. WEBENCH 电源设计器提供一份定制原理图以及罗列实时价格和组件供货情况的物料清单。

4. 在大多数情况下，您还可以：

– 运行电气仿真，观察重要波形以及电路性能；

– 运行热性能仿真，了解电路板热性能；

– 将定制原理图和布局方案导出至常用 CAD 格式,
– 打印设计方案的 PDF 报告并与同事共享。

5. 请访问 www.ti.com.cn/webench，获取有关 WEBENCH 工具的详细信息。

11.2 接接收收文文档档更更新新通通知知

要接收文档更新通知，请导航至 TI.com.cn 上的器件产品文件夹。单击右上角的通知我 进行注册，即可每周接收产
品信息更改摘要。有关更改的详细信息，请查看任何已修订文档中包含的修订历史记录。

11.3 相相关关链链接接

下表列出了快速访问链接。类别包括技术文档、支持与社区资源、工具和软件，以及申请样片或购买产品的快速链
接。

表表 2. 相相关关链链接接

器器件件 产产品品文文件件夹夹 样样片片与与购购买买 技技术术文文档档 工工具具与与软软件件 支支持持和和社社区区

LM25011 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

LM25011-Q1 请单击此处 请单击此处 请单击此处 请单击此处 请单击此处

11.4 商商标标

WEBENCH is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 静静电电放放电电警警告告

这些装置包含有限的内置 ESD 保护。 存储或装卸时，应将导线一起截短或将装置放置于导电泡棉中，以防止 MOS 门极遭受静电损
伤。

11.6 术术语语表表

SLYZ022 — TI 术语表。

这份术语表列出并解释术语、缩写和定义。

12 机机械械、、封封装装和和可可订订购购信信息息

以下页面包含机械、封装和可订购信息。这些信息是指定器件的最新可用数据。数据如有变更，恕不另行通知，且
不会对此文档进行修订。如需获取此数据表的浏览器版本，请查阅左侧的导航栏。
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead finish/
Ball material

(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

LM25011AMY ACTIVE HVSSOP DGQ 10 1000 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SN9B

LM25011AMYE ACTIVE HVSSOP DGQ 10 250 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SN9B

LM25011AMYX ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SN9B

LM25011AQ1MY/NOPB ACTIVE HVSSOP DGQ 10 1000 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SZZA

LM25011AQ1MYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SZZA

LM25011MY/NOPB ACTIVE HVSSOP DGQ 10 1000 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SVUB

LM25011MYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SVUB

LM25011Q1MY/NOPB ACTIVE HVSSOP DGQ 10 1000 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SZFB

LM25011Q1MYX/NOPB ACTIVE HVSSOP DGQ 10 3500 RoHS & Green SN Level-3-260C-168 HR -40 to 125 SZFB

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) RoHS:  TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".
RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



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

LM25011AMY HVSSOP DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011AMYE HVSSOP DGQ 10 250 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011AMYX HVSSOP DGQ 10 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011AQ1MY/NOPB HVSSOP DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011AQ1MYX/NOPB HVSSOP DGQ 10 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011MY/NOPB HVSSOP DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011MYX/NOPB HVSSOP DGQ 10 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011Q1MY/NOPB HVSSOP DGQ 10 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1

LM25011Q1MYX/NOPB HVSSOP DGQ 10 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
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*All dimensions are nominal

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

LM25011AMY HVSSOP DGQ 10 1000 208.0 191.0 35.0

LM25011AMYE HVSSOP DGQ 10 250 208.0 191.0 35.0

LM25011AMYX HVSSOP DGQ 10 3500 853.0 449.0 35.0

LM25011AQ1MY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0

LM25011AQ1MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0

LM25011MY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0

LM25011MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0

LM25011Q1MY/NOPB HVSSOP DGQ 10 1000 208.0 191.0 35.0

LM25011Q1MYX/NOPB HVSSOP DGQ 10 3500 853.0 449.0 35.0

PACKAGE MATERIALS INFORMATION

www.ti.com 21-Oct-2021

Pack Materials-Page 2
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PACKAGE OUTLINE

C

5.05
4.75 TYP

1.1 MAX

8X 0.5

10X 0.27
0.17

2X
2

0.23
0.13 TYP

0 - 8
0.15
0.05

1.88
1.58

2.05
1.75

0.25
GAGE PLANE

0.7
0.4

A

3.1
2.9

NOTE 3

B 3.1
2.9

4214864/A   05/2020

PowerPAD    - 1.1 mm max heightDGQ0010A
PLASTIC SMALL OUTLINE

NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed 0.15 mm per side.
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
5. Reference JEDEC registration MO-187, variation BA-T.
 

PowerPAD is a trademark of Texas Instruments.

TM

1
10

0.08 C A B

6
5

PIN 1 ID
AREA

NOTE 4

SEATING PLANE

0.1 C

 SEE DETAIL A

DETAIL A
TYPICAL

SCALE  3.700

EXPOSED
THERMAL PAD

4

1

5

8
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EXAMPLE BOARD LAYOUT

(4.4)

0.05 MAX
ALL AROUND

0.05 MIN
ALL AROUND

10X (1.45)10X (0.3)

8X (0.5)

(2.2)
NOTE 9

(3.1)
NOTE 9

(1.88)

(2.05)
SOLDER MASK

OPENING

( 0.2) TYP
VIA

(1.3) TYP

(1.3)
TYP

(R0.05) TYP

4214864/A   05/2020

PowerPAD    - 1.1 mm max heightDGQ0010A
PLASTIC SMALL OUTLINE

SYMM

SYMM

SEE DETAILS

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE:15X

1

5 6

10

SOLDER MASK
OPENING

 

METAL COVERED
BY SOLDER MASK

SOLDER MASK
DEFINED PAD

TM

NOTES: (continued)
 
6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site. 
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    numbers SLMA002 (www.ti.com/lit/slma002) and SLMA004 (www.ti.com/lit/slma004).
9. Size of metal pad may vary due to creepage requirement.
 

METALSOLDER MASK
OPENING

NON SOLDER MASK
DEFINED

SOLDER MASK DETAILS

EXPOSED
METAL

SOLDER MASK
OPENING

METAL UNDER
SOLDER MASK

SOLDER MASK
DEFINED

EXPOSED
METAL
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EXAMPLE STENCIL DESIGN

10X (1.45)
10X (0.3)

8X (0.5)

(4.4)

(1.88)

(2.05)
BASED ON

0.125 THICK
STENCIL

(R0.05) TYP

4214864/A   05/2020

PowerPAD    - 1.1 mm max heightDGQ0010A
PLASTIC SMALL OUTLINE

1.59 X 1.730.175
1.72 X 1.870.150

1.88 X 2.05  (SHOWN)0.125
2.10 X 2.290.1

SOLDER STENCIL
OPENING

STENCIL
THICKNESS

NOTES: (continued)
 
10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
      design recommendations.   
11. Board assembly site may have different recommendations for stencil design.
 

TM

SOLDER PASTE EXAMPLE
EXPOSED PAD

100% PRINTED SOLDER COVERAGE BY AREA
SCALE:15X

SYMM

SYMM

1

5
6

10

BASED ON
0.125 THICK

STENCIL

BY SOLDER MASK
METAL COVERED

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES



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
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