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1 特特性性

1• 输入电压：2.8V 至 5.5V
• 兼容高级 应用 处理器和现场可编程门阵列 (FPGA)
• 两个低压降线性稳压器 (LDO)，用于为内部处理器

的运行和 I/O 供电

• 精密的内部基准电压

• 热过载保护

• 电流过载保护

• 针对 Buck1 和 Buck2 提供外部上电复位功能

• 配有欠压闭锁检测器，用于监视输入电源电压

• 降降压压 DC-DC 转转换换器器（（降降压压））

– 1.5A 输出电流

– VOUT 范围：

– Buck1：1.5A 时为 0.8V 至 2V
– Buck2：1.5A 时为 1V 至 3.3V
– 效率高达 96%
– FB 电压精度为 ±3%
– 2MHz 脉冲宽度调制 (PWM) 开关频率

– 低负载条件下从 PWM 模式自动切换到脉冲频
率调制 (PFM) 模式

– 自动软启动

• 线线性性稳稳压压器器 (LDO)
– VOUT 为 1V 至 3.5V
– FB 电压精度为 ±3%
– 300mA 输出电流

– 25mV 压降（典型值）

2 应应用用

• 内核数字电源

• 应用 处理器

• 外设 I/O 电源

• 数字收音机

• 机器人驱动器

• 图像传输模块

• 低功耗数字 应用

3 说说明明

LM26480 是一款多功能电源管理单元 (PMU)，针对低

功耗数字应用进行了 优化。此器件集成了两个高效

1.5A 降压 DC-DC 转换器和两个 300mA 线性稳压器。

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））

LM26480 WQFN (24) 4.00mm x 4.00mm

(1) 要了解所有可用封装，请见数据表末尾的可订购产品附录。

空格

空白

空白

空白

简简化化电电路路原原理理图图

http://www-s.ti.com/sc/techlit/SNVS543.pdf
http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn/product/cn/LM26480?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/LM26480?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/LM26480?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/LM26480?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/LM26480?dcmp=dsproject&hqs=support&#community
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5 Device Options

Table 1. Default Options

ORDER SUFFIX SPEC OSCILLATOR
FREQUENCY BUCK MODES nPOR DELAY UVLO SYNC AECQ

SQ-AA NOPB 2 MHz Auto-Mode 60 ms Enabled Disabled No
SQ-BF NOPB 2 MHz Forced PWM 60 ms Enabled Enabled No

(1) VIN+ is the largest potential voltage on the device.

Table 2. Power Block Operation
POWER BLOCK INPUT (1) ENABLED DISABLED NOTE

VINLDO12 VIN+ VIN+ Always powered
AVDD VIN+ VIN+ Always powered
VIN1 VIN+ VIN+ or 0V
VIN2 VIN+ VIN+ or 0V

VINLDO1 ≤ VIN+ ≤ VIN+ If enabled, minimum VIN is 1.74 V
VINLDO2 ≤ VIN+ ≤ VIN+ If enabled, minimum VIN is 1.74 V

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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(1) A: Analog Pin, G: Ground Pin, P: Power Pin, I: Input Pin, O: Output Pin, D: Digital.

6 Pin Configuration and Functions

RTW Package
24-Pin WQFN

Top View

Pin Functions
PIN

I/O TYPE (1) DESCRIPTION
NO. NAME
1 VINLDO12 I P Analog power for internal functions (VREF, BIAS, I2C, Logic)
2 SYNC I G/(D) Frequency synchronization pin, which allows the user to connect an external clock signal

to synchronize the PMIC internal oscillator. Default OFF and must be grounded when not
used. Part number LM26480SQ-BF has this feature enabled. Contact Texas Instruments
Sales Office/Distributors for availability of LM26480SQ-BF.

3 NPOR O D nPOR Power on reset pin for both Buck1 and Buck 2. Open drain logic output 100-kΩ
pullup resistor. nPOR is pulled to ground when the voltages on these supplies are not
good. See Flexible Power-On Reset (Power Good with Delay) for more info.

4 GND_SW1 G G Buck1 NMOS power ground
5 SW1 O P Buck1 switcher output pin
6 VIN1 I P Power in from either DC source or battery to Buck1
7 ENSW1 I D Enable pin for Buck1 switcher, a logic HIGH enables Buck1. Pin cannot be left floating.
8 FB1 I A Buck1 input feedback terminal
9 GND_C G G Non-switching core ground pin
10 AVDD I P Analog Power for Buck converters
11 FB2 I A Buck2 input feedback terminal
12 ENSW2 I D Enable pin for Buck2 switcher, a logic HIGH enables Buck2. Pin cannot be left floating.
13 VIN2 I P Power in from either DC source or Battery to Buck2
14 SW2 O P Buck2 switcher output pin
15 GND_SW2 G G Buck2 NMOS
16 ENLDO2 I D LDO2 enable pin, a logic HIGH enables LDO2. Pin cannot be left floating.
17 ENLDO1 I D LDO1 enable pin, a logic HIGH enables LDO1. Pin cannot be left floating.
18 GND_L G G LDO ground
19 VINLDO1 I P Power in from either DC source or battery to LDO1
20 LDO1 O P LDO1 Output
21 FBL1 I A LDO1 feedback terminal
22 FBL2 I A LDO2 feedback terminal
23 LDO2 O P LDO output
24 VINLDO2 I P Power in from either DC source or battery to LDO2.
DAP DAP G G Connection is not necessary for electrical performance, but it is recommended for better

thermal dissipation.

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions: Bucks. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to the potential at the GND pin.
(3) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may

have to be derated. Maximum ambient temperature (TA-MAX) is dependent on the maximum operating junction temperature (TJ-MAX-OP =
125°C), the maximum power dissipation of the device in the application (PD-MAX), and the junction-to-ambient thermal resistance of the
part/package in the application (RθJA), as given by the following equation: TA-MAX = TJ-MAX-OP − (RθJA × PD-MAX). See Application and
Implementation.

7 Specifications

7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1) (2)

MIN MAX UNIT
VINLDO12, VIN1, AVDD, VIN2, VINLDO1, VINLDO2, ENSW1, FB1, FB2, ENSW2, ENLDO1,
ENLDO2, SYNC, FBL1, FBL2

−0.3 6
V

GND to GND SLUG ±0.3
Power dissipation, PD_MAX (TA=85°C, TMAX=125°C ) (3) 1.17 W
Junction temperature, TJ-MAX 150

°C
Maximum lead temperature (soldering) 260
Storage temperature, Tstg −65 150 °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.

7.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 (1) ±2000

VCharged-device model (CDM), per JEDEC specification JESD22-
C101 (2) ±750

(1) Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where high maximum power
dissipation exists, special care must be paid to thermal dissipation issues in board design.

7.3 Recommended Operating Conditions: Bucks
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VIN 2.8 5.5

V
VEN 0 (VIN + 0.3 V)
Junction temperature, TJ –40 125 °C
Ambient temperature, TA

(1) −40 85 °C

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

7.4 Thermal Information

THERMAL METRIC (1)
LM26480

UNITRTW (WQFN)
24 PINS

RθJA Junction-to-ambient thermal resistance 32.7 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 31.2 °C/W
RθJB Junction-to-board thermal resistance 11.2 °C/W
ψJT Junction-to-top characterization parameter 0.2 °C/W
ψJB Junction-to-board characterization parameter 11.2 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance 0.4 °C/W

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/spra953
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltages are with respect to the potential at the GND pin.
(3) Minimum (MIN) and maximum (MAX) limits are specified by design, test, or statistical analysis. Typical numbers represent the most

likely norm.
(4) VPOR is voltage at which the EPROM resets. This is different from the UVLO on VINLDO12, which is the voltage at which the

regulators shut off; and is also different from the nPOR function, which signals if the regulators are in a specified range.
(5) Specified by design. Not production tested.

7.5 General Electrical Characteristics
Unless otherwise noted, VIN = 3.6 V. Values and limits apply for TJ = 25°C. (1) (2) (3)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
IQ VINLDO12 shutdown current VIN = 3.6 V 0.5 µA
VPOR Power-on reset threshold VDD falling edge (4) 1.9 V
TSD Thermal shutdown threshold See (5) 160

°C
TSDH Thermal shutdown hysteresis See (5) 20

UVLO Undervoltage lockout
Rising 2.9

V
Failing 2.7

(1) All voltages are with respect to the potential at the GND pin.
(2) Minimum (MIN) and maximum (MAX) limits are specified by design, test, or statistical analysis. Typical (TYP) numbers represent the

most likely norm.
(3) CIN, COUT: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) used in setting electrical characteristics.
(4) The device maintains a stable, regulated output voltage without a load.
(5) Pins 24, 19 can operate from VIN min of 1.74 V to a VIN max of 5.5 V. This rating is only for the series pass PMOS power FET. It allows

the system design to use a lower voltage rating if the input voltage comes from a buck output.
(6) VIN minimum for line regulation values is 1.8 V.
(7) Dropout voltage is the voltage difference between the input and the output at which the output voltage drops to 100 mV below its

nominal value.

7.6 Low Dropout Regulators, LDO1 and LDO2
Unless otherwise noted, VIN = 3.6 V, CIN = 1 µF, COUT = 0.47 µF, and values and limits apply for TJ = 25°C, unless otherwise
specified. (1) (2) (3) (4)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VIN
Operational voltage range VINLDO1 and VINLDO2 PMOS pins (5)

TJ = −40°C to 125°C 1.74 5.5 V

VFB FB voltage accuracy TJ = −40°C to 125°C –3% 3%

ΔVOUT

Line regulation
VIN = (VOUT + 0.3 V) to 5 V (6)

Load current = 1 mA
TJ = −40°C to 125°C

0.15 %/V

Load regulation VIN = 3.6 V, TJ = −40°C to 125°C
Load current = 1 mA to IMAX

0.011 %/mA

ISC Short circuit current limit LDO1-2, VOUT = 0 V 500 mA

VIN – VOUT Dropout voltage
Load current = 50 mA (7) 25

mVLoad current = 50 mA (7)

TJ = −40°C to 125°C 200

PSRR Power supply ripple rejection F = 10 kHz, load current = IMAX 45 dB
eN Supply output noise 10 Hz < F < 100 kHz 150 µVRMS

IQ

Quiescent current on IOUT = 0 mA 40

µA
IOUT = 0 mA, −40°C ≤ TJ ≤ 125°C 150

Quiescent current on IOUT = 300 mA 60
IOUT = 300 mA, −40°C ≤ TJ ≤ 125°C 200

Quiescent current off EN is de-asserted 0.03 1 µA
TON Turnon time Start-up from shutdown 300 µsec

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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Low Dropout Regulators, LDO1 and LDO2 (continued)
Unless otherwise noted, VIN = 3.6 V, CIN = 1 µF, COUT = 0.47 µF, and values and limits apply for TJ = 25°C, unless otherwise
specified. (1)(2)(3)(4)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

COUT Output capacitor

Capacitance for stability 0°C ≤ TJ ≤ 125°C 0.47
µF−40°C ≤ TJ ≤ 125°C 0.33

−40°C ≤ TJ ≤ 125°C 0.68 1
Equivalent series resistance (ESR)
TJ = −40°C to 125°C 5 500 mΩ

(1) All voltages are with respect to the potential at the GND pin.
(2) Minimum (MIN) and maximum (MAX) limits are specified by design, test, or statistical analysis. Typical (TYP) numbers represent the

most likely norm.
(3) CIN, COUT: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) used in setting electrical characteristics.
(4) The device maintains a stable, regulated output voltage without a load.
(5) VIN ≥ VOUT + RDSON(P) (IOUT + 1/2 IRIPPLE). If these conditions are not met, voltage regulation will degrade as load increases.
(6) Quiescent current is defined here as the difference in current between the input voltage source and the load at VOUT.

7.7 Buck Converters SW1, SW2
Unless otherwise noted, VIN = 3.6 V, CIN = 10 µF, COUT = 10 µF, LOUT = 2.2 µH, and limits apply for TJ = 25°C, unless
otherwise specified. (1) (2) (3) (4)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VFB

(5) Feedback voltage −3% 3%

VOUT
Line regulation 2.8 V < VIN < 5.5 V

IOUT = 10 mA 0.089 %/V

Load regulation 100 mA < IOUT < IMAX 0.0013 %/mA
Eff Efficiency Load current = 250 mA 96%
ISHDN Shutdown supply current EN is de-asserted 0.01 1 µA

ƒOSC Internal oscillator frequency

Default oscillator frequency = 2 MHz 1.6 2 2.4

MHzDefault oscillator frequency = 2.1 MHz 2.1 2.5
Default oscillator frequency = 2.1 MHz
TJ = −40°C to 125°C 1.7

IPEAK

Buck1 peak switching current
limit 2 2.4

A
Buck2 peak switching current
limit 2 2.4

IQ Quiescent current on (6) No load PFM mode 33 µA
No load PWM mode (forced PWM) 2 mA

RDSON (P) Pin-pin resistance PFET 200 400
mΩ

RDSON (N) Pin-pin resistance NFET 180 400
TON Turnon time Start-up from shutdown 500 µsec
CIN Input capacitor Capacitance for stability 10

µF
COUT Output capacitor Capacitance for stability 10

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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7.8 I/O Electrical Characteristics
Limits apply over the entire junction temperature range for operation, TJ = −40°C to 125°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIL Input low level 0.4

V
VIH Input high level 0.7 × VDD

7.9 Power On Reset Threshold/Function (POR)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

nPOR nPOR = Power-on reset for Buck1
and Buck2

Default = 60 mS 60 ms
Default = 130 µS 130 µs

nPOR
Threshold

Percentage of target voltage Buck1
or Buck2

VBUCK1 AND VBUCK2 rising 92%
VBUCK1 OR VBUCK2 falling 82%

VOL Output level low Load = IOL = 500 µA 0.23 0.5 V

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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7.10 Typical Characteristics — LDO

VIN = 3.6 V VOUT = 2.5 V Load = 100 mA

Figure 1. Output Voltage Change vs Temperature (LDO1)

VIN = 3.6 V VOUT = 1.8 V Load = 100 mA

Figure 2. Output Voltage Change vs Temperature (LDO2)

VIN = 3.6 V VOUT = 2.5 V Load = 0 to 150 mA

Figure 3. Load Transient

VIN = 3.6 V VOUT = 2.5 V Load = 150 to 300
mA

Figure 4. Load Transient

VIN = 3.6 to 4.2 V VOUT = 2.5 V Load = 100 mA

Figure 5. Line Transient (LDO1)

VIN = 3.6 to 4.2 V VOUT = 1.8 V Load = 150 mA

Figure 6. Line Transient (LDO2)

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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7.11 Typical Characteristics — Buck 2.8 V to 5.5 V
VIN = 2.8 V to 5.5 V, TA = 25°C

Figure 7. Shutdown Current vs. Temp

VOUT = 1.2 V

Figure 8. Output Voltage vs. Supply Voltage

VOUT = 2 V

Figure 9. Output Voltage vs. Supply Voltage

VOUT = 3 V

Figure 10. Output Voltage vs. Supply Voltage

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn
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7.12 Typical Characteristics — Bucks 1 and 2
Output current transitions from PFM mode to PWM mode for Buck 1.

VOUT = 1.2 V L = 2.2 µH

Figure 11. Efficiency vs. Output Current

VOUT = 2 V L = 2.2 µH

Figure 12. Efficiency vs. Output Current

Output Current transitions from PWM mode to PFM mode for Buck 2.

VOUT = 3 V L = 2.2 µH

Figure 13. Efficiency vs. Output Current

VOUT = 3.5 V L = 2.2 µH

Figure 14. Efficiency vs. Output Current
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7.13 Typical Characteristics — Buck 3.6 V
VIN= 3.6 V, TA = 25°C, VOUT = 1.2 V unless otherwise noted

VOUT = 1.2 V (PWM Mode)

Figure 15. Load Transient Response

VOUT = 1.2 V (PWM To PFM)

Figure 16. Mode Change By Load Transients

VIN = 3.6 to 4.2 V VOUT = 1.2 V Load = 250 mA

Figure 17. Line Transient Response

VIN = 3 to 3.6 V VOUT = 3 V Load = 250 mA

Figure 18. Line Transient Response
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8 Detailed Description

8.1 Overview
The LM26480 is a multi-functional Power Management Unit, optimized for low-power digital applications. This
device integrates two highly efficient 1.5-A step-down DC-DC converters and two 300-mA linear regulators.

8.2 Functional Block Diagram

8.3 Feature Description

8.3.1 DC-DC Converters
The LM26480 provides the DC-DC converters that supply the various power needs of the application by means
of two linear low dropout regulators, LDO1 and LDO2, and two buck converters, SW1 and SW2. Table 3 lists the
output characteristics of the various regulators.
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Feature Description (continued)
Table 3. Supply Specification

SUPPLY LOAD
OUTPUT

VOUT RANGE (V) IMAX
MAXIMUM OUTPUT CURRENT (mA)

LDO1 analog 1 to 3.5 300
LDO2 analog 1 to 3.5 300
SW1 digital 0.8 to 2 1500
SW2 digital 1 to 3.3 1500

8.3.1.1 Linear Low Dropout Regulators (LDOs)
LDO1 and LDO2 are identical linear regulators targeting analog loads characterized by low noise requirements.
LDO1 and LDO2 are enabled through the ENLDO pin.

Figure 19. LDO Block Diagram

8.3.1.1.1 No-Load Stability

The LDOs will remain stable and in regulation with no external load. This is an important consideration in some
circuits, for example, CMOS RAM keep-alive applications.

8.3.1.2 SW1, SW2: Synchronous Step-Down Magnetic DC-DC Converters

8.3.1.2.1 Functional Description

The LM26480 incorporates two high-efficiency synchronous switching buck regulators, SW1 and SW2, that
deliver a constant voltage from a single Li-Ion battery to the portable system processors. Using a voltage mode
architecture with synchronous rectification, both bucks have the ability to deliver up to 1500 mA depending on the
input voltage and output voltage (voltage headroom), and the inductor chosen (maximum current capability).

There are three modes of operation depending on the current required: PWM, PFM, and shutdown. PWM mode
handles current loads of approximately 70 mA or higher, delivering voltage precision of ±3% with 90% efficiency
or better. Lighter output current loads cause the device to automatically switch into PFM for reduced current
consumption (IQ = 33 µA typical) and a longer battery life. The Standby operating mode turns off the device,
offering the lowest current consumption. PWM or PFM mode is selected automatically or PWM mode can be
forced through the setting of the buck control register.

Both SW1 and SW2 can operate up to a 100% duty cycle (PMOS switch always on) for low drop out control of
the output voltage. In this way the output voltage will be controlled down to the lowest possible input voltage.

Additional features include soft-start, undervoltage lockout, current overload protection, and thermal overload
protection.

The enable signal may be employed immediately after VIN is applied to the device. However, VIN must be stable
for approximately 8 ms before enable single be asserted high to ensure internal bias, reference, and the Flexible
POR timing are stabilized. This initial delay is necessary only upon first time device power on.
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8.3.1.2.2 Circuit Operation Description

A buck converter contains a control block, a switching PFET connected between input and output, a synchronous
rectifying NFET connected between the output and ground (BCKGND pin) and a feedback path. During the first
portion of each switching cycle, the control block turns on the internal PFET switch. This allows current to flow
from the input through the inductor to the output filter capacitor and load. The inductor limits the current to a
ramp with a slope of

(1)

by storing energy in a magnetic field. During the second portion of each cycle, the control block turns the PFET
switch off, blocking current flow from the input, and then turns the NFET synchronous rectifier on. The inductor
draws current from ground through the NFET to the output filter capacitor and load, which ramps the inductor
current down with a slope of

(2)

The output filter stores charge when the inductor current is high, and releases it when low, smoothing the voltage
across the load.

8.3.1.2.3 Sync Function

The LM26480SQ-BF is the only version of the part that has the ability to use an external oscillator. The source
must be 13 MHz nominal and operate within a range of 15.6 MHz and 10.4 MHz, proportionally the same limits
as the 2-MHz internal oscillator. The LM26480SQ-BF has an internal divider which will divide the speed down by
6.5 to the nominal 2 MHz and use it for the regulators. This SYNC function replaces the internal oscillator and
works in forced PWM only. The buck regulators no longer have the PFM function enabled. When the
LM26480SQ-BF is sold with this feature enabled, the part will not function without the external oscillator present.
Contact Texas Instruments Sales Office/Distributors for availability of LM26480SQ-BF.

8.3.1.2.4 PWM Operation

During PWM operation the converter operates as a voltage-mode controller with input voltage feed forward. This
allows the converter to achieve excellent load and line regulation. The DC gain of the power stage is proportional
to the input voltage. To eliminate this dependence, feed forward voltage inversely proportional to the input
voltage is introduced.

8.3.1.2.5 Internal Synchronous Rectification

While in PWM mode, the buck uses an internal NFET as a synchronous rectifier to reduce rectifier forward
voltage drop and associated power loss. Synchronous rectification provides a significant improvement in
efficiency whenever the output voltage is relatively low compared to the voltage drop across an ordinary rectifier
diode.

8.3.1.2.6 Current Limiting

A current limit feature allows the converter to protect itself and external components during overload conditions.
PWM mode implements current limiting using an internal comparator that trips at 2 A for both bucks (typical). If
the output is shorted to ground the device enters a timed current limit mode where the NFET is turned on for a
longer duration until the inductor current falls below a low threshold, ensuring inductor current has more time to
decay, thereby preventing runaway.

8.3.1.2.7 PFM Operation

At very light loads, the converter enters PFM mode and operates with reduced switching frequency and supply
current to maintain high efficiency.

The part will automatically transition into PFM mode when either of two conditions occurs for a duration of 32 or
more clock cycles:
1. The inductor current becomes discontinuous, or
2. The peak PMOS switch current drops below the IMODE level.

(3)
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During PFM operation, the converter positions the output voltage slightly higher than the nominal output voltage
during PWM operation, allowing additional headroom for voltage drop during a load transient from light to heavy
load. The PFM comparators sense the output voltage via the feedback pin and control the switching of the output
FETs such that the output voltage ramps between 0.8% and 1.6% (typical) above the nominal PWM output
voltage. If the output voltage is below the ‘high’ PFM comparator threshold, the PMOS power switch is turned on.
It remains on until the output voltage exceeds the ‘high’ PFM threshold or the peak current exceeds the IPFM level
set for PFM mode. The typical peak current in PFM mode is:

(4)

Once the PMOS power switch is turned off, the NMOS power switch is turned on until the inductor current ramps
to zero. When the NMOS zero-current condition is detected, the NMOS power switch is turned off. If the output
voltage is below the ‘high’ PFM comparator threshold (see Figure 20), the PMOS switch is again turned on and
the cycle is repeated until the output reaches the desired level. Once the output reaches the ‘high’ PFM
threshold, the NMOS switch is turned on briefly to ramp the inductor current to zero and then both output
switches are turned off and the part enters an extremely low power mode. Quiescent supply current during this
‘sleep’ mode is less than 30 µA, which allows the part to achieve high efficiencies under extremely light load
conditions. When the output drops below the ‘low’ PFM threshold, the cycle repeats to restore the output voltage
to approximately 1.6% above the nominal PWM output voltage.

If the load current should increase during PFM mode (see Figure 20) causing the output voltage to fall below the
‘low2’ PFM threshold, the part will automatically transition into fixed-frequency PWM mode.

8.3.1.2.8 SW1, SW2 Control

SW1 and SW2 are enabled/disabled through the external enable pins.

The Modulation mode PWM/PFM is by default automatic and depends on the load (see Functional Description).
The modulation mode can be factory trimmed, forcing the buck to operate in PWM mode regardless of the load
condition.

Figure 20. PWM/PFM Modulation

8.3.1.2.9 Shutdown Mode

During shutdown the PFET switch, reference, control and bias circuitry of the converters are turned off. The
NFET switch will be on in shutdown to discharge the output. When the converter is enabled, soft start is
activated. Disabling the converter during the system power up and undervoltage conditions is recommended
when the supply is less than 2.8 V.
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8.3.1.2.10 Soft Start

The soft-start feature allows the power converter to gradually reach the initial steady state operating point, thus
reducing start-up stresses and surges. The two LM26480 buck converters have a soft-start circuit that limits in-
rush current during start-up. During start-up the switch current limit is increased in steps. Soft start is activated
only if EN goes from logic low to logic high after VIN reaches 2.8 V. Soft start is implemented by increasing switch
current limit in steps of 250 mA, 500 mA, 950 mA, and 2 A for both bucks (typical switch current limit). The start-
up time thereby depends on the output capacitor and load current demanded at start-up.

8.3.1.2.11 Low Dropout Operation

The LM26480 can operate at 100% duty cycle (no switching; PMOS switch completely on) for low dropout
support of the output voltage. In this way the output voltage will be controlled down to the lowest possible input
voltage. When the device operates near 100% duty cycle, output voltage ripple is approximately 25 mV. The
minimum input voltage needed to support the output voltage is

VIN, MIN = ILOAD × (RDSON, PFET + RINDUCTOR) + VOUT

where
• ILOAD = Load current
• RDSON, PFET = Drain to source resistance of PFET switch in the triode region
• RINDUCTOR = Inductor resistance (5)

8.3.1.2.12 Flexible Power-On Reset (Power Good with Delay)

The LM26480 is equipped with an internal Power-On-Reset (POR) circuit which monitors the output voltage
levels on bucks 1 and 2. The nPOR is an open drain logic output which is logic LOW when either of the buck
outputs are below 92% of the rising value, or when one or both outputs fall below 82% of the desired value. The
time delay between output voltage level and nPOR is enabled is (130 µs, 60 ms, 100 ms, 200 ms), 60 ms by
default. For any other delay option, other than the default, please consult a Texas Instruments Sales
Representative. The system designer can choose the external pull-up resistor (value such as 100 kΩ) for the
nPOR pin.
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Figure 21. nPOR with Counter Delay

Figure 21 shows the simplest application of the POR where both switcher enables are tied together. In Case 1,
EN1 causes nPOR to transition LOW and triggers the nPOR delay counter. If the power supply for Buck2 does
not come on within that period, nPOR will stay LOW, indicating a power fail mode. Case 2 indicates the vice
versa scenario if Buck1 supply did not come on. In both cases the nPOR remains LOW. Case 3 shows a typical
application of the POR, where both switcher enables are tied together. Even if RDY1 ramps up slightly faster
than RDY2 (or vice versa), the nPOR signal will trigger a programmable delay before going HIGH, as explained
below.
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Figure 22. Faults Occurring in Counter Delay after Start-Up

Figure 22 details the Power Good with delay with respect to the enable signals EN1, and EN2. The RDY1, RDY2
are internal signals derived from the output of two comparators. Each comparator has been trimmed as follows:

Table 4. Comparator Trim
COMPARATOR LEVEL BUCK SUPPLY LEVEL

HIGH Greater than 92%
LOW Less than 82%

The circuits for EN1 and RDY1 are symmetrical to EN2 and RDY2, so each reference to EN1 and RDY1 will also
work for EN2 and RDY2 and vice versa.

If EN1 and RDY1 signals are High at time t1, then the RDY1 signal rising edge triggers the programmable delay
counter (130 μs, 60 ms, 100 ms, 200 ms). This delay forces nPOR LOW between time interval t1 and t2. NPOR
is then pulled high after the programmable delay is completed. Now if EN2 and RDY2 are initiated during this
interval the nPOR signal ignores this event.

If either RDY1or RDY2 were to go LOW at t3 then the programmable delay is triggered again.
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Figure 23. nPOR Mask Window

In Case 1 (Figure 23), we see that case where EN2 and RDY2 are initiated after triggered programmable delay.
To prevent the nPOR being asserted again, a masked window (5 ms) counter delay is triggered off the EN2
rising edge. NPOR is still held HIGH for the duration of the mask, whereupon the nPOR status afterwards will
depend on the status of both RDY1 and RDY2 lines.

In Case 2, we see the case where EN2 is initiated after the RDY1 triggered programmable delay, but RDY2
never goes HIGH (Buck2 never turns on). Normal operation operation of nPOR occurs wilth respect to EN1 and
RDY1, and the nPOR signal is held HIGH for the duration of the mask window. We see that nPOR goes LOW
after the masking window has timed out because it is now dependent on RDY1 and RDY2, where RDY2 is LOW.
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Figure 24. Design Implementation of the Flexible Power-On Reset

Design implementation of the flexible power-on reset. An internal power-on reset of the IC is used with EN1 and
EN2 to produce a reset signal (LOW) to the delay timer nPOR. EN1 and RDY1 or EN2 and RDY2 are used to
generate the set signal (HIGH) to the delay timer. S = R = 1 never occurs. The mask timers are triggered off EN1
and EN2 which are gated with RDY1, and RDY2 to generate outputs to the final AND gate to generate the
nPOR.

8.3.1.2.13 Undervoltage Lockout

The LM26480 features an undervoltage lockout circuit. The function of this circuit is to continuously monitor the
raw input supply voltage (VINLDO12) and automatically disable the four voltage regulators whenever this supply
voltage is less than 2.8 VDC.

The circuit incorporates a bandgap based circuit that establishes the reference used to determine the 2.8 VDC
trip point for a VIN OK – Not OK detector. This VIN OK signal is then used to gate the enable signals to the four
regulators of the LM26480. When VINLDO12 is greater than 2.8 VDC the four enables control the four
regulators; when VINLDO12 is less than 2.8 VDC the four regulators are disabled by the VIN detector being in
the “Not OK” state. The circuit has built-in hysteresis to prevent undesired signal variations.

8.4 Device Functional Modes
• External Programmable Output
• Up to 1.5 A output current for both Bucks
• External Power-on-Reset function for Buck1 and Buck2
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9 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.

9.1 Application Information

9.1.1 External Component Selection

Figure 25. LDO Block Diagram

Table 5. Buck External Component Selection

TARGET
VOUT (V)

IDEAL RESISTOR
VALUES COMMON R VALUES ACTUAL VOUT

w/ COM/R (V)
ACTUAL VOUT
DELTA FROM
TARGET (V)

FEEDBACK
CAPACITORS POWER

RAIL
R1 (KΩ) R2 (KΩ) R1 (KΩ) R2 (KΩ) C1 (pF) C2 (pF)

0.8 120 200 121 200 0.803 0.002 15 none Buck1
0.9 160 200 162 200 0.905 0.005 15 none Only
1 200 200 200 200 1 0 15 none ^

1.1 240 200 240 200 1.1 0 15 none |
1.2 280 200 280 200 1.2 0 12 none |
1.3 320 200 324 200 1.31 0.01 12 none Buck1
1.4 360 200 357 200 1.393 -0.008 10 none And
1.5 400 200 402 200 1.505 0.005 10 none Buck2
1.6 440 200 442 200 1.605 0.005 8.2 none |
1.7 427 178 432 178 1.713 0.013 8.2 none |
1.8 463 178 464 178 1.803 0.003 8.2 none |
1.9 498 178 499 178 1.902 0.002 8.2 none |
2 450 150 453 150 2.01 0.01 8.2 none >

2.1 480 150 475 150 2.083 -0.017 8.2 none ^
2.2 422 124 422 124 2.202 0.002 8.2 none |
2.3 446 124 442 124 2.282 -0.018 8.2 none |
2.4 471 124 475 124 2.415 0.015 8.2 none |
2.5 400 100 402 100 2.51 0.01 8.2 none |
2.6 420 100 422 100 2.61 0.01 8.2 none |
2.7 440 100 442 100 2.71 0.01 8.2 33 Buck2
2.8 460 100 464 100 2.82 0.02 8.2 33 Only
2.9 480 100 475 100 2.875 -0.025 8.2 33 |
3 500 100 499 100 2.995 -0.005 6.8 33 |

3.1 520 100 523 100 3.115 0.015 6.8 33 |
3.2 540 100 536 100 3.18 -0.02 6.8 33 |
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Application Information (continued)
Table 5. Buck External Component Selection (continued)

TARGET
VOUT (V)

IDEAL RESISTOR
VALUES COMMON R VALUES ACTUAL VOUT

w/ COM/R (V)
ACTUAL VOUT
DELTA FROM
TARGET (V)

FEEDBACK
CAPACITORS POWER

RAIL
R1 (KΩ) R2 (KΩ) R1 (KΩ) R2 (KΩ) C1 (pF) C2 (pF)

3.3 560 100 562 100 3.31 0.01 6.8 33 |

The output voltages of the bucks of the LM26480 are established by the feedback resistor dividers R1 and R2
shown on the application circuit above. Equation 6 shows how to determine what value of V is:

VOUT = VFB (R1+R2)/R2

where
• VFB is the voltage on the Buck FBx pin. (6)

The Buck control loop will force the voltage on VFB to be 0.50 V ±3%.

Table 5 shows ideal resistor values to establish buck voltages from 0.8 V to 3.3 V along with common resistor
values to establish these voltages. Common resistors do not always produce the target value, error is given in
the delta column.

In addition to the resistor feedback, capacitor feedback C1 is always required, and depending on the output
voltage capacitor C2 is also required.

INDUCTOR VALUE UNIT DESCRIPTION NOTES
LSW1,2 2.2 µH SW1,2 inductor DCR 70 mΩ

9.1.2 Feedback Resistors for LDOs
See Figure 25.

Table 6. LDO External Component Selection
TARGET VOUT (V) IDEAL RESISTOR VALUES COMMON R VALUES ACTUAl VOUT

W/Com/R (V)R1 (KΩ) R2 (KΩ) R1 (KΩ) R2 (KΩ)
1 200 200 200 200 1

1.1 240 200 240 200 1.1
1.2 280 200 280 200 1.2
1.3 320 200 324 200 1.31
1.4 360 200 357 200 1.393
1.5 400 200 402 200 1.505
1.6 440 200 442 200 1.605
1.7 480 200 562 232 1.711
1.8 520 200 604 232 1.802
1.9 560 200 562 200 1.905
2 600 200 604 200 2.01

2.1 640 200 715 221 2.118
2.2 680 200 681 200 2.203
2.3 720 200 806 226 2.283
2.4 760 200 845 221 2.412
2.5 800 200 750 187 2.505
2.6 840 200 909 215 2.614
2.7 880 200 1100 249 2.709
2.8 920 200 1150 249 2.809
2.9 960 200 1210 255 2.873
3 1000 200 1000 200 3
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Table 6. LDO External Component Selection (continued)
TARGET VOUT (V) IDEAL RESISTOR VALUES COMMON R VALUES ACTUAl VOUT

W/Com/R (V)R1 (KΩ) R2 (KΩ) R1 (KΩ) R2 (KΩ)
3.1 1040 200 1000 191 3.118
3.2 1080 200 1000 187 3.174
3.3 1120 200 1210 215 3.314
3.4 1160 200 1210 210 3.381
3.5 1200 200 1210 200 3.525

The output voltages of the LDOs of the LM26480 are established by the feedback resistor dividers R1 and R2
shown on Figure 25 above. Equation 7 shows calculation for VOUT:

VOUT = VFB(R1+R2)/R2

where
• VFB is the voltage on the LDOX_FB pin. (7)

The LDO control loop will force the voltage on VFB to be 0.50 V ±3%. The above table shows ideal resistor
values to establish LDO voltages from 1 V to 3.5 V along with common resistor values to establish these
voltages. Common resistors do not always produce the target value, error is given in the final column.

To keep the power consumed by the feedback network low it is recommended that R2 be established as about
200 kΩ. Lesser values of R2 are okay at the users discretion.

9.2 Typical Application

Figure 26. LM26480 Application Circuit

9.2.1 Design Requirements

9.2.1.1 High VIN-High Load Operation
Additional information is provided when the device is operated at extremes of VIN and regulator loads. These are
described in terms of the junction temperature and buck output ripple management.
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Typical Application (continued)
9.2.1.2 Junction Temperature
The maximum junction temperature TJ-MAX-OP of 125°C of the device package.

Equation 8 and Equation 9 demonstrate junction temperature determination, ambient temperature TA-MAX, and
total chip power must be controlled to keep TJ below this maximum:

TJ-MAX-OP = TA-MAX + (RθJA) [°C/Watt] × (PD-MAX) [Watts] (8)

Total IC power dissipation PD-MAX is the sum of the individual power dissipation of the four regulators plus a minor
amount for chip overhead. Chip overhead is bias, TSD and LDO analog.

where
• η is the efficiency for the specific condition is taken from efficiency graphs. (9)

If VIN and ILOAD increase, the output ripple associated with the buck regulators also increases. This mainly occurs
with VIN > 5.2 V and a load current greater than 1.2 A. To ensure operation in this area of operation, it is
recommended that the system designer circumvents the output ripple issues by installing Schottky diodes on the
bucks(s) that are expected to perform under these extreme conditions.

9.2.2 Detailed Design Procedure

9.2.2.1 Output Inductors and Capacitors for SW1 AND SW2
There are several design considerations related to the selection of output inductors and capacitors:
• Load transient response;
• Stability;
• Efficiency;
• Output ripple voltage; and
• Overcurrent ruggedness.

The LM26480 has been optimized for use with nominal values 2.2 µH and 10 µF. If other values are needed for
the design, please contact Texas Instruments sales with any concerns.

9.2.2.1.1 Inductor Selection for SW1 and SW2

A nominal inductor value of 2.2 µH is recommended. It is important to ensure the inductor core does not saturate
during any foreseeable operational situation.

Care should be taken when reviewing the different saturation current ratings that are specified by different
manufacturers. Saturation current ratings are typically specified at 25°C, so ratings at maximum ambient
temperature of the application should be requested from the manufacturer.

There are two methods to choose the inductor saturation current rating:

Recommended method:
The best way to ensure the inductor does not saturate is to choose an inductor that has saturation current rating
greater than the maximum LM26480 current limit of 2.4 A. In this case the device will prevent inductor saturation.

Alternate method:
If the recommended approach cannot be used, care must be taken to ensure that the saturation current is
greater than the peak inductor current:
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Typical Application (continued)

• ISAT: Inductor saturation current at operating temperature
• ILPEAK: Peak inductor current during worst case conditions
• IOUTMAX: Maximum average inductor current
• IRIPPLE: Peak-to-peak inductor current
• VOUT: Output voltage
• VIN: Input voltage
• L: Inductor value in Henries at IOUTMAX

• F: Switching frequency, Hertz
• D: Estimated duty factor
• EFF: Estimated power supply efficiency (10)

ISAT may not be exceeded during any operation, including transients, start-up, high temperature, worst-case
conditions, etc.

9.2.2.1.2 Suggested Inductors and Their Suppliers

MODEL MANUFACTURER DIMENSIONS (mm) DCR (max) (mΩ) ISATURATION (A)
(values approx.)

DO3314-222MX Coilcraft 3.3 × 3.3 × 1.4 200 1.8
LPO3310-222MX Coilcraft 3.3 × 3.3 × 1 150 1.3

ELL6PG2R2N Panasonic 6.0 × 6.0 × 2.0 37 2.2
ELC6GN2R2N Panasonic 6.0 × 6.0 × 1.5 53 1.9

CDRH2D14NP-2R2NC Sumida 3.2 × 3.2 × 1.5 94 1.5

9.2.2.2 Output Capacitor Selection for SW1 AND SW2
A ceramic output capacitor of 10 µF, 6.3 V is recommended with an ESR of less than 500 mΩ.

Output ripple can be estimated from the vector sum of the reactive (capacitor) voltage component and the real
(ESR) voltage component of the output capacitor.

• VCOUT: Estimated reactive output ripple
• VROUT: Estimated real output ripple
• VPPOUT: Estimated peak-to-peak output ripple (11)

The output capacitor needs to be mounted as close as possible to the output pin of the device. For better
temperature performance, X7R or X5R types are recommended. DC bias characteristics of ceramic capacitors
must be considered when selecting case sizes like 0805 and 0603.

DC bias characteristics vary from manufacturer to manufacturer and by case size. DC bias curves should be
requested from them as part of the capacitor selection process. ESR is typically higher for smaller packages.

The output filter capacitor smooths out current flow from the inductor to the load, helps maintain a steady output
voltage during transient load changes and reduces output voltage ripple. These capacitors must be selected with
sufficient capacitance and sufficiently low ESR to perform these functions.
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Note that the output voltage ripple is dependent on the inductor current ripple and the equivalent series
resistance of the output capacitor (ESRCOUT). ESRCOUT is frequency dependent as well as temperature
dependent. The RESR should be calculated with the applicable switching frequency and ambient temperature.

9.2.2.3 Input Capacitor Selection for SW1 AND SW2
It is required to use a ceramic input capacitor of at least 4.7 μF and 6.3 V with an ESR of less than 500 mΩ.

The input power source supplies average current continuously. During the PFET switch on-time, however, the
demanded di/dt is higher than can be typically supplied by the input power source. This delta is supplied by the
input capacitor.

A simplified “worst case” assumption is that all of the PFET current is supplied by the input capacitor. This will
result in conservative estimates of input ripple voltage and capacitor RMS current. Input ripple voltage is
estimated in Equation 12:

• VPPIN: Estimated peak-to-peak input ripple voltage
• IOUT: Output current, Amps
• CIN: Input capacitor value, Farads
• ESRIN: Input capacitor ESR, Ohms (12)

This capacitor is exposed to significant RMS current, so it is important to select a capacitor with an adequate
RMS current rating. Capacitor RMS current estimated as follows:

• IRSCIN: Estimated input capacitor RMS current (13)

Table 7. Suggested Capacitors and Their Suppliers
MODEL TYPE VENDOR VOLTAGE RATING (V) CASE SIZE

4.7 µF for CIN
C2012X5R0J475K Ceramic, X5R TDK 6.3 0805, (2012)

JMK212BJ475K Ceramic, X5R Taiyo-Yuden 6.3 0805, (2012)
GRM21BR60J475K Ceramic, X5R Murata 6.3 0805, (2012)
C1608X5R0J475K Ceramic, X5R TDK 6.3 0603, (1608)

10 µF for COUT
GRM21BR60J106K Ceramic, X5R Murata 6.3 0805, (2012)

JMK212BJ106K Ceramic, X5R Taiyo-Yuden 6.3 0805, (2012)
C2012X5R0J106K Ceramic, X5R TDK 6.3 0805, (2012)
C1608X5R0J106K Ceramic, X5R TDK 6.3 0603, (1608)

9.2.2.4 LDO Capacitor Selection

9.2.2.4.1 Input Capacitor

An input capacitor is required for stability. It is recommended that a 1-μF capacitor be connected between the
LDO input pin and ground (this capacitance value may be increased without limit). This capacitor must be located
a distance of not more than 1 cm from the input pin and returned to a clean analog ground. Any good quality
ceramic, tantalum, or film capacitor may be used at the input.
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CAUTION
Tantalum capacitors can suffer catastrophic failures due to surge currents when
connected to a low impedance source of power (like a battery or a very large
capacitor). If a tantalum capacitor is used at the input, it must be specified by the
manufacturer to have a surge current rating sufficient for the application.

There are no requirements for the ESR on the input capacitor, but tolerance and
temperature coefficient must be considered when selecting the capacitor to ensure the
capacitance will remain approximately 1 μF over the entire operating temperature
range.

9.2.2.4.2 Output Capacitor

The LDOs on the LM26480 are designed specifically to work with very small ceramic output capacitors. A 1-μF
ceramic capacitor (temperature types Z5U, Y5V, or X7R) with ESR between 5 mΩ to 500 mΩ, are suitable in the
application circuit. It is also possible to use tantalum or film capacitors at the device output COUT (or VOUT), but
these are not as attractive for reasons of size and cost. The output capacitor must meet the requirement for the
minimum value of capacitance and also have an ESR value that is within the range 5 mΩ to 500 mΩ for stability.

9.2.2.4.3 Capacitor Characteristics

The LDOs are designed to work with ceramic capacitors on the output to take advantage of the benefits they
offer. For capacitance values in the range of 0.47 μF to 4.7 μF, ceramic capacitors are the smallest, least
expensive and have the lowest ESR values, thus making them best for eliminating high frequency noise. The
ESR of a typical 1-μF ceramic capacitor is in the range of 20 mΩ to 40 mΩ, which easily meets the ESR
requirement for stability for the LDOs.

For both input and output capacitors, careful interpretation of the capacitor specification is required to ensure
correct device operation. The capacitor value can change greatly, depending on the operating conditions and
capacitor type.

In particular, the output capacitor selection should take account of all the capacitor parameters, to ensure that the
specification is met within the application. The capacitance can vary with DC bias conditions as well as
temperature and frequency of operation. Capacitor values will also show some decrease over time due to aging.
The capacitor parameters are also dependent on the particular case size, with smaller sizes giving poorer
performance figures in general. As an example, Figure 27 shows a typical graph comparing different capacitor
case sizes in a capacitance vs. DC bias plot.

Figure 27. Capacitance vs DC Bias

As shown in Figure 27, increasing the DC bias condition can result in the capacitance value that falls below the
minimum value given in the recommended capacitor specifications table. Note that the graph shows the
capacitance out of spec for the 0402 case size capacitor at higher bias voltages. It is therefore recommended
that the capacitor manufacturers’ specifications for the nominal value capacitor are consulted for all conditions,
as some capacitor sizes (such as 0402) may not be suitable in the actual application.
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The ceramic capacitor’s capacitance can vary with temperature. The capacitor type X7R, which operates over a
temperature range of −55°C to 125°C, will only vary the capacitance to within ±15%. The capacitor type X5R has
a similar tolerance over a reduced temperature range of −55°C to 85°C. Many large value ceramic capacitors,
larger than 1 μF are manufactured with Z5U or Y5V temperature characteristics. Their capacitance can drop by
more than 50% as the temperature varies from 25°C to 85°C. Therefore X7R is recommended over Z5U and
Y5V in applications where the ambient temperature will change significantly above or below 25°C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are more
expensive when comparing equivalent capacitance and voltage ratings in the 0.47-μF to 4.7-μF range. Another
important consideration is that tantalum capacitors have higher ESR values than equivalent size ceramics. This
means that while it may be possible to find a tantalum capacitor with an ESR value within the stable range, it
would have to be larger in capacitance (which means bigger and more costly) than a ceramic capacitor with the
same ESR value. It should also be noted that the ESR of a typical tantalum will increase about 2:1 as the
temperature goes from 25°C down to −40°C, so some guard band must be allowed.

Table 8. Capacitor Characteristics
CAPACITOR MIN VALUE (µF) DESCRIPTION RECOMMENDED TYPE

CLDO1 0.47 LDO1 output capacitor Ceramic, 6.3V, X5R
CLDO2 0.47 LDO2 output capacitor
CSW1 10 SW1 output capacitor
CSW2 10 SW2 output capacitor

http://www.ti.com.cn/product/cn/lm26480?qgpn=lm26480
http://www.ti.com.cn


30

LM26480
ZHCSD81L –JANUARY 2008–REVISED MAY 2016 www.ti.com.cn

Copyright © 2008–2016, Texas Instruments Incorporated

9.2.3 Application Curves

VIN = 0 to 3.6 V VOUT = 2.5 V Load = 1 mA

Figure 28. Enable Start-Up Time (LDO1)

VIN = 0 to 3.6 V VOUT = 1.8 V Load = 1 mA

Figure 29. Enable Start-Up Time (LDO2)

VIN = 1.2 V Load = 1.5 A

Figure 30. Start-Up Into PWM Mode

VIN = 3 V Load = 1.5 A

Figure 31. Start-Up Into PWM Mode

VIN = 1.2 V Load = 30 mA

Figure 32. Start-Up Into PFM Mode

VIN = 3 V Load = 30 mA

Figure 33. Start-Up Into PFM Mode
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10 Power Supply Recommendations
All power inputs should be tied to the main VDD source (that is, a battery), unless the user wishes to power it
from another source. (that is, powering LDO from Buck output).

The analog VDD inputs power the internal bias and error amplifiers, so they should be tied to the main VDD. The
analog VDD inputs must have an input voltage between 2.8 V and 5.5 V, as specified in the Recommended
Operating Conditions: Bucks section of this datasheet.

The other VIN pins (VINLDO1, VINLDO2, VIN1, VIN2) can actually have inputs lower than 2.8 V, as long as they
are higher than the programmed output (0.3 V). The analog and digital grounds should be tied together outside
of the chip to reduce noise coupling.
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11 Layout

11.1 Layout Guidelines
PC board layout is an important part of DC-DC converter design. Poor board layout can disrupt the performance
of a DC-DC converter and surrounding circuitry by contributing to EMI, ground bounce, and resistive voltage loss
ii the traces. These can send erroneous signals to the DC-DC converter device, resulting in poor regulation or
instability. Poor layout can also result in re-flow problems leading to poor solder joints, which can result in erratic
or degraded performance.

Good layout for the LM26480 bucks can be implemented by following a few simple design rules, as illustrated in
Figure 34.
1. Place the buck inductor and filter capacitors close together and make the trace short. The traces between

these components carry relatively high switching currents and act as antennas. Following this rule reduces
radiated noise. Place the capacitors and inductor close to the buck.

2. Arrange the components so that the switching current loops curl in the same direction. During the first halt of
each cycle, current flows from the input filter capacitor, through the buck and inductor to the output filter
capacitor and back through ground, forming a current loop. In the second half of each cycle, current is pulled
up from ground, through the buck by the inductor, to the output filter capacitor and then back through ground,
forming a second current loop. Routing these loops so the current curls in the same direction prevents
magnetic field reversal between the two half-cycles and reduces radiated noise.

3. Connect the ground pins of the buck, and filter capacitors together using generous component-side copper
fill as a pseudo-ground plane. Then connect this to the ground-plane (if one is used) with several vias. This
reduces ground–plane noise by preventing the switching currents from circulating through the ground plane.
It also reduces ground bounce at the buck by giving it a low-impedance ground connection.

4. Use wide traces between the power components and for power connections to the DC-DC converter circuit.
This reduces voltage errors caused by resistive losses across the traces

5. Rout noise sensitive traces, such as the voltage feedback path, away from noisy traces between the power
components. The voltage feedback trace must remain close to the buck circuit and should be routed directly
from FB to VOUT at the output capacitor and must be routed opposite to noise components. This reduces
EMI radiated onto the DC-DC converter’s own voltage feedback trace.

In mobile phones, for example, a common practice is to place the DC-DC converter on one corner of the board,
arrange the CMOS digital circuitry around it (since this also generates noise), and then place sensitive
preamplifiers and IF stages on the diagonally opposing corner. Often, the sensitive circuitry is shielded with a
metal pan and power to it is post-regulated to reduce conducted noise, using low-dropout linear regulators.

For more information on board layout techniques, refer to AN-1187 Leadless Leadframe Package (LLP)
(SNOA401) on TI's website. This application note also discusses package handling, solder stencil, and the
assembly process.
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11.2 Layout Example

Figure 34. Board Layout Design Rules for the LM26480
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12 器器件件和和文文档档支支持持

12.1 器器件件支支持持

12.1.1 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 文文档档支支持持

12.2.1 相相关关文文档档

相关文档如下：

AN-1187《无引线框架封装 (LLP)》（文献编号：SNOA401）

12.3 社社区区资资源源

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 商商标标

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 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。

12.6 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

13 机机械械、、封封装装和和可可订订购购信信息息

以下页中包括机械、封装和可订购信息。这些信息是针对指定器件可提供的最新数据。这些数据会在无通知且不对
本文档进行修订的情况下发生改变。欲获得该数据表的浏览器版本，请查阅左侧的导航栏。
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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 已明确指定符合 ISO/TS16949 要求的产品，这些产品主要用于汽车。在任何情况下，因使用非指定产品而无法达到 ISO/TS16949 要
求，TI不承担任何责任。

产品 应用

数字音频 www.ti.com.cn/audio 通信与电信 www.ti.com.cn/telecom
放大器和线性器件 www.ti.com.cn/amplifiers 计算机及周边 www.ti.com.cn/computer
数据转换器 www.ti.com.cn/dataconverters 消费电子 www.ti.com/consumer-apps
DLP® 产品 www.dlp.com 能源 www.ti.com/energy
DSP - 数字信号处理器 www.ti.com.cn/dsp 工业应用 www.ti.com.cn/industrial
时钟和计时器 www.ti.com.cn/clockandtimers 医疗电子 www.ti.com.cn/medical
接口 www.ti.com.cn/interface 安防应用 www.ti.com.cn/security
逻辑 www.ti.com.cn/logic 汽车电子 www.ti.com.cn/automotive
电源管理 www.ti.com.cn/power 视频和影像 www.ti.com.cn/video
微控制器 (MCU) www.ti.com.cn/microcontrollers
RFID 系统 www.ti.com.cn/rfidsys
OMAP应用处理器 www.ti.com/omap
无线连通性 www.ti.com.cn/wirelessconnectivity 德州仪器在线技术支持社区 www.deyisupport.com
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

LM26480SQ-AA/NOPB ACTIVE WQFN RTW 24 1000 Green (RoHS
& no Sb/Br)

CU NIPDAU | CU SN Level-1-260C-UNLIM -40 to 85 26480AA

LM26480SQX-AA/NOPB ACTIVE WQFN RTW 24 4500 Green (RoHS
& no Sb/Br)

CU NIPDAU | CU SN Level-1-260C-UNLIM -40 to 85 26480AA

 
(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) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(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.

 
(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/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish 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.

http://www.ti.com/product/LM26480?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM26480?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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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.

 
 OTHER QUALIFIED VERSIONS OF LM26480 :

• Automotive: LM26480-Q1

 NOTE: Qualified Version Definitions:

• Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

http://focus.ti.com/docs/prod/folders/print/lm26480-q1.html


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

LM26480SQ-AA/NOPB WQFN RTW 24 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1

LM26480SQX-AA/NOPB WQFN RTW 24 4500 330.0 12.4 4.3 4.3 1.1 8.0 12.0 Q1

PACKAGE MATERIALS INFORMATION
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*All dimensions are nominal

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

LM26480SQ-AA/NOPB WQFN RTW 24 1000 210.0 185.0 35.0

LM26480SQX-AA/NOPB WQFN RTW 24 4500 346.0 346.0 35.0

PACKAGE MATERIALS INFORMATION
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IMPORTANT NOTICE
重重要要声声明明

德州仪器 (TI) 公司有权按照最新发布的 JESD46 对其半导体产品和服务进行纠正、增强、改进和其他修改，并不再按最新发布的 JESD48 提
供任何产品和服务。买方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。

TI 公布的半导体产品销售条款 (http://www.ti.com/sc/docs/stdterms.htm) 适用于 TI 已认证和批准上市的已封装集成电路产品的销售。另有其
他条款可能适用于其他类型 TI 产品及服务的使用或销售。

复制 TI 数据表上 TI 信息的重要部分时，不得变更该等信息，且必须随附所有相关保证、条件、限制和通知，否则不得复制。TI 对该等复制文
件不承担任何责任。第三方信息可能受到其它限制条件的制约。在转售 TI 产品或服务时，如果存在对产品或服务参数的虚假陈述，则会失去
相关 TI 产品或服务的明示或暗示保证，且构成不公平的、欺诈性商业行为。TI 对此类虚假陈述不承担任何责任。

买方和在系统中整合 TI 产品的其他开发人员（总称“设计人员”）理解并同意，设计人员在设计应用时应自行实施独立的分析、评价和判断，且
应全权 负责并确保 应用的安全性， 及设计人员的 应用 （包括应用中使用的所有 TI 产品）应符合所有适用的法律法规及其他相关要求。设计
人员就自己设计的 应用声明，其具备制订和实施下列保障措施所需的一切必要专业知识，能够 (1) 预见故障的危险后果，(2) 监视故障及其后
果，以及 (3) 降低可能导致危险的故障几率并采取适当措施。设计人员同意，在使用或分发包含 TI 产品的任何 应用前， 将彻底测试该等 应用
和 该等应用中所用 TI 产品的 功能。

TI 提供技术、应用或其他设计建议、质量特点、可靠性数据或其他服务或信息，包括但不限于与评估模块有关的参考设计和材料（总称“TI 资
源”），旨在帮助设计人员开发整合了 TI 产品的 应用， 如果设计人员（个人，或如果是代表公司，则为设计人员的公司）以任何方式下载、
访问或使用任何特定的 TI 资源，即表示其同意仅为该等目标，按照本通知的条款使用任何特定 TI 资源。

TI 所提供的 TI 资源，并未扩大或以其他方式修改 TI 对 TI 产品的公开适用的质保及质保免责声明；也未导致 TI 承担任何额外的义务或责任。
TI 有权对其 TI 资源进行纠正、增强、改进和其他修改。除特定 TI 资源的公开文档中明确列出的测试外，TI 未进行任何其他测试。

设计人员只有在开发包含该等 TI 资源所列 TI 产品的 应用时， 才被授权使用、复制和修改任何相关单项 TI 资源。但并未依据禁止反言原则或
其他法理授予您任何TI知识产权的任何其他明示或默示的许可，也未授予您 TI 或第三方的任何技术或知识产权的许可，该等产权包括但不限
于任何专利权、版权、屏蔽作品权或与使用TI产品或服务的任何整合、机器制作、流程相关的其他知识产权。涉及或参考了第三方产品或服务
的信息不构成使用此类产品或服务的许可或与其相关的保证或认可。使用 TI 资源可能需要您向第三方获得对该等第三方专利或其他知识产权
的许可。

TI 资源系“按原样”提供。TI 兹免除对资源及其使用作出所有其他明确或默认的保证或陈述，包括但不限于对准确性或完整性、产权保证、无屡
发故障保证，以及适销性、适合特定用途和不侵犯任何第三方知识产权的任何默认保证。TI 不负责任何申索，包括但不限于因组合产品所致或
与之有关的申索，也不为或对设计人员进行辩护或赔偿，即使该等产品组合已列于 TI 资源或其他地方。对因 TI 资源或其使用引起或与之有关
的任何实际的、直接的、特殊的、附带的、间接的、惩罚性的、偶发的、从属或惩戒性损害赔偿，不管 TI 是否获悉可能会产生上述损害赔
偿，TI 概不负责。

除 TI 已明确指出特定产品已达到特定行业标准（例如 ISO/TS 16949 和 ISO 26262）的要求外，TI 不对未达到任何该等行业标准要求而承担
任何责任。

如果 TI 明确宣称产品有助于功能安全或符合行业功能安全标准，则该等产品旨在帮助客户设计和创作自己的 符合 相关功能安全标准和要求的
应用。在应用内使用产品的行为本身不会 配有 任何安全特性。设计人员必须确保遵守适用于其应用的相关安全要求和 标准。设计人员不可将
任何 TI 产品用于关乎性命的医疗设备，除非已由各方获得授权的管理人员签署专门的合同对此类应用专门作出规定。关乎性命的医疗设备是
指出现故障会导致严重身体伤害或死亡的医疗设备（例如生命保障设备、心脏起搏器、心脏除颤器、人工心脏泵、神经刺激器以及植入设
备）。此类设备包括但不限于，美国食品药品监督管理局认定为 III 类设备的设备，以及在美国以外的其他国家或地区认定为同等类别设备的
所有医疗设备。

TI 可能明确指定某些产品具备某些特定资格（例如 Q100、军用级或增强型产品）。设计人员同意，其具备一切必要专业知识，可以为自己的
应用选择适合的 产品， 并且正确选择产品的风险由设计人员承担。设计人员单方面负责遵守与该等选择有关的所有法律或监管要求。

设计人员同意向 TI 及其代表全额赔偿因其不遵守本通知条款和条件而引起的任何损害、费用、损失和/或责任。

邮寄地址：上海市浦东新区世纪大道 1568 号中建大厦 32 楼，邮政编码：200122
Copyright © 2017 德州仪器半导体技术（上海）有限公司
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