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Dynamic power management for faster, 
more efficient battery charging

Introduction
With the fast-growing demand for emerging portable 
devices such as tablets and smartphones, there are many 
new challenges in improving battery-operated system per-
formance. The battery-management system must be intel-
ligent to support different types of adapters and battery 
chemistries and must provide fast charging with high effi-
ciency. At the same time, it is important to provide a good 
user experience with instant turn-on of the system, longer 
battery run time, and fast charging. This article discusses 
how to achieve fast battery charging and improve battery-
charging performance with dynamic power management 
(DPM). DPM helps to avoid system crashes and maximizes 
the power available from the adapter. It can be based on 
input current or input voltage, or combined with a battery-
supplement mode. This article also discusses critical 
design considerations for extending battery run time.

The lithium-ion (Li-Ion) battery is desirable for the ever-
growing power need in portable devices because it has very 
high energy density. Nowadays, it is common for a 10-inch 
tablet to include a battery pack with 6- to 10-Ah capacity 
to support a long run time. With the high-capacity battery, 
it is critical for the portable device to have fast and efficient 
charging for a good user experience. Additionally, tablets 
require other features such as superior thermal perform-
ance and instant turn-on, even with a deeply discharged 
battery. These requirements present a few technical chal-
lenges. One is how to maximize available power from the 
power source to efficiently and quickly charge the battery 
—while not crashing the power source. Another is how to 
charge a deeply discharged battery while simultaneously 
operating the system. Last is how to extend the battery 
run time and improve thermal performance.

Dynamic power management (DPM)
How can available power be maximized to charge the bat-
tery quickly and efficiently? Every power source has its 
output current, or power limit. For example, the maximum 
output current is limited to 500 mA from a high-speed USB 
(USB 2.0) port, and up to 900 mA from a SuperSpeed USB 
(USB 3.0) port. The power source can crash if the system’s 
power demand exceeds the power available from the power 
source. When the battery is being charged, how can a 
power-source crash be prevented while the power output 
is being maximized? The following discussion presents 
three control methods: DPM based on input current, DPM 
based on input voltage, and DPM used with a battery- 
supplement mode.

DPM based on input current
Figure 1 shows a high-efficiency switch-mode charger with 
DPM controls. MOSFETs Q2 and Q3 and inductor L make 
up a synchronous switching buck-based battery charger. 
Using a buck converter ensures that the adapter’s input 
power is efficiently converted to achieve the fastest battery 
charging. MOSFET Q1 is used as a battery reverse-blocking 
MOSFET for preventing leakage from the battery to the 
input through the body diode of MOSFET Q2. It also is used 
as an input-current sensor to monitor the adapter current.

MOSFET Q4 is used to actively monitor and control the 
battery-charging current to achieve DPM. When the input 
power is sufficient to support both the system load and 
battery charging, the battery is charged with the desired 
charge-current value of ICHG. If the system load (ISYS) is 
suddenly increased and its total adapter current reaches 
the current-limit setting (IREF), the input-current regula-
tion loop actively regulates and maintains the input current 
at the predefined IREF input reference current. This is 
achieved by reducing the charge current while giving 
higher priority to powering the system so it can reach its 
highest performance. Therefore, the input power is always 
maximized without crashing the input-power source, while 
the available power is dynamically shared between the 
system and battery charging.
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Figure 1. DPM based on input current图1　基于输入电流的DPM
引言

随着对于新兴便携式设备（例如：平板电脑和智能电

话等）需求的快速增长，在如何提高电池供电型系统

性能方面出现了许多新的挑战。电池管理系统必须能

够智能地支持不同类型的适配器和电池化学成份，并

且必须拥有高效的快速充电能力。与此同时，提供良

好的用户体验也非常重要，例如：系统瞬间开启、更

长的电池使用时间以及快速充电等。本文将讨论如何

通过动态电源管理（DPM）实现快速电池充电和提

高电池充电性能。DPM帮助避免系统崩溃，并可最

大化适配器的可用功率。它可以基于输入电流或者输

入电压，或者与电池补充供电模式一起组合使用。本

文还会介绍一些延迟电池使用时间的重要设计考虑。

锂离子（Li-Ion）电池对于便携式设备不断增长的电

力需求来说是一种理想选择，因为它拥有非常高的能

量密度。今天，一部10英寸屏幕的平板电脑，通常会

使用一块6到10Ah容量的电池组来提供更长的工作时

间。利用高容量电池，便携式设备便可拥有快速、高

效的充电能力，从而实现良好的用户体验。另外，平

板电脑还要求具备其它一些功能，例如：优异的散散

热性能和瞬间开机的能力（即使在电池被深度放电的

情况下）。这些要求带来了许多技术挑战。一个挑战

是，如何在不使电源崩溃的同时，最大化电源的可用

功率，以高效和快速地对电池充电。另一个挑战是，

如何在系统工作的同时对深度放电的电池进行充电。

最后一个挑战是，如何延迟电池使用时间和提高散热

性能。

动态电源管理（DPM）

如何最大化可用功率，对电池进行快速、高效的充

电？所有电源都其输出电流或者功率限制。例如，

高速USB（USB 2.0）端口的最大输出电流限定在

500mA，而超高速USB（USB 3.0）端口的最大输出

电流为900mA。如果系统的功率需求超出电源能够

提供的功率，则电源会崩溃。电池充电时，如何在使

功率输出最大化的同时防止电源崩溃呢？下面，我们

介绍3种控制方法：基于输入电流的DPM，基于输入

电压的DPM，以及与电池补充供电模式一起使用的

DPM。

动态电源管理，实现更快速、
更高效的电池充电
作者：Samuel Wong，德州仪器 (TI) 系统工程师

基于输入电流的DPM

图1显示了使用DPM控制的高效开关模式充电器。

MOSFET Q2及Q3与电感器L组成了一个同步开关降

压型电池充电器。使用一个降压转换器，可确保有效

转换适配器的输入功率，以实现更快速的电池充电。

MOSFET Q1用作一个电池反向阻塞MOSFET，用于

防止电池到输入的漏电流通过MOSFET Q2的体二极

管。另外，它还起到一个输入电流检测器的作用，以

监测适配器电流。

MOSFET Q4用于主动监测和控制电池充电电流，

以实现DPM功能。当输入功率足以支持系统负载和

电池充电时，使用理想的充电电流值ICHG来对电池充

电。如果系统负载（ISYS）突然增加且其总适配器电

流达到限流设置（IREF），则输入电流调节环路主动

调节，并使输入电流保持在预定义IREF输入基准电流

上。给予更高的优先权为系统供电，以让其达到最高

性能，并同时降低充电电流，这样便可实现上述目

标。因此，我们始终可以在输入功率电源不崩溃的同

时最大化输入功率，并且让可用功率动态地在系统和

电池充电之间共用。
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DPM based on input voltage
If a third-party power source is plugged into a system that 
cannot identify its current limit, it is difficult to use DPM 
based on limiting the input current. Instead, DPM is based 
on the input voltage (Figure 2). Resistor dividers R1 and 
R2 are used to sense the input voltage and are fed into 
the error amplifier of the input-voltage regulation loop. 
Simi larly, if the system load is increased, causing the input 
current to exceed the adapter’s current limit, the adapter 
voltage starts to decrease and eventually reaches the pre-
defined minimum input voltage. The input-voltage regula-
tion loop is activated to maintain the input voltage at the 
predefined level. This is achieved by automatically reducing 
the charge current so that the total current drawn from 
the input-power source reaches its maximum value with-
out crashing the source. Therefore, the system can track 
the adapter’s maximum input current. The input-voltage 
regulation is designed to keep the voltage high enough to 
fully charge the battery. For example, the voltage can be 
set around 4.35 V to fully charge a single-cell, Li-Ion bat-
tery pack.

Battery-supplement mode
DPM based on input current or input voltage can draw the 
maximum power from the adapter without crashing it. For 
portable devices such as smartphones and tablets, the sys-
tem load is usually dynamic with a high pulsating current. 
What happens if the pulsating system’s peak power is higher 
than the input power, even when the charge current is 
already reduced to zero? The input-power source could 
crash without active control.

One solution is to increase the adapter’s power rating, 
but this increases the adapter’s size and cost. Another 
solution is to temporarily have the battery provide addi-
tional power to the system by turning the MOSFET Q4 on 
to discharge the battery instead of charging it. Combining 
the DPM control and the battery-supplement mode allows 
the adapter to be optimized to support the average power 
instead of the maximum peak system power, reducing the 
cost and achieving the smallest solution size.

Design considerations for improving  
system performance
Portable systems such as tablets and smartphones require 
instant turn-on to provide a good user experience. This 
means that whether the battery is fully charged or deeply 
discharged, the system will turn on instantly when an 
adapter is plugged in.

As an example, suppose that a one-cell Li-Ion battery is 
used for the systems in Figures 1 and 2. If the battery is 
directly connected to the system without MOSFET Q4, the 
system bus voltage (VBUS) is the same as the battery volt-
age. A deeply discharged battery with less than 3 V may 
prevent system turn-on. The user may have to wait until 
the battery is charged to 3.4 V before turning on the sys-
tem. In order to support instant turn-on, MOSFET Q4 is 
added to operate in linear mode to maintain the minimum 
system-operation voltage while simultaneously charging a 
deeply discharged battery. The minimum system voltage is 
regulated by the switching converter, and the charge cur-
rent from Q4 is regulated with a linear control loop. Once 
the battery voltage reaches the minimum system voltage, 
MOSFET Q4 is fully turned on. Its charge current is then 
regulated by the duty cycle of the synchronous buck con-
verter. So the system voltage is always maintained 
between the minimum system-operation voltage and the 
maximum battery voltage for powering the system.

In a 5-V USB charging system, all series resistance 
between the power source and the battery contributes to 
charging efficiency. This resistance in the charging path 
consists of the ON resistance of FETs Q1, Q2, and Q4 and 
about 250 mΩ from the USB cable. It is not unusual to have 
a 4.5-V charger input after a cable voltage drop. Therefore, 
it is critical to design a charger with the lowest possible 
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Figure 2. DPM based on input voltage基于输入电压的DPM

如果一个第三方电源插入系统，而系统却无法识别其

电池限制，则难以根据输入电流限制来使用DPM。

这种情况下，我们可以使用基于输入电压的DPM
（图2）。电阻分压器R1和R2用于检测输入电压，

然后馈给输入电压调节环路的误差放大器。同样，如

果系统负载增加，致使输入电流超出适配器的电流限

制，则适配器电压开始下降，并最终达到预设的最小

输入电压。输入电压调节环路被激活，以让输入电压

维持在预设水平。通过自动降低充电电流以便让来

自输入功率电源的总电流达到其最大值（电源不崩

溃），可以完成这项工作。因此，系统可以追踪适配

器的最大输入电流。设计输入电压调节的目的是，让

电压保持足够高，以便对电池完全充电。例如，可把

电压设置为4.35V左右，以对一块单节锂离子电池组

完全充电。

电池补充供电模式

基于输入电流或者输入电压的DPM可在电源不崩溃

的情况下从适配器获得最大功率。对于一些便携式设

备而言，例如：智能电话和平板电脑等，系统负载通

常是动态的，并且有高脉冲电流。即使是充电电流已

降至零，如果出现脉冲电流的系统的峰值功率高于输

入功率怎么办？如果不主动控制，则输入功率电源可

能会崩溃。

一种解决方案是，增加适配器的额定功率，但这会增

加适配器的体积和成本。另一种解决方案是，开启

MOSFET Q4对电池放电而非充电，从而暂时性地为

系统提供更多的功率。组合运用DPM控制和电池补

充供电模式，可优化适配器，以提供平均功率而非最

大峰值系统功率，从而降低成本，并实现最小的解决

方案尺寸。

提高系统性能设计考虑

如平板电脑和智能电话等便携式设备，均要求实现瞬

时开机功能，从而提供良好的用户体验。这就意味

着，不管电池是完全充电还是深度放电，插入适配器

时系统都要瞬时开启。

例如，我们假设，系统使用一块单节锂离子电池，如

图1和2所示。如果在没有MOSFET Q4的情况下，电

池直接连接至系统，则系统总线电压（VBUS）与电池

电压一样。电压小于3V的一块深度放电电池，可能会

阻止系统开启。用户可能不得不等待电池充电至3.4V
以后才能开启系统。为了支持瞬时开启功能，我们添

加了MOSFET Q4，以便工作在线性模式下，实现对

深度放电电池充电的同时维持最小系统工作电压。最

小系统电压通过开关式转换器调节，而Q4的充电电

流则通过一个线性控制环路来调节。一旦电池电压达

到最小系统电压，MOSFET Q4便完全开启。它的充

电电流通过同步降压转换器的占空比来调节。所以，

系统电压始终维持在最小系统工作电压和最大电池电

压之间，以为系统供电。

在一个5V的USB充电系统中，电源和电池之间的

所有串行电阻都会影响充电效率。充电通路的电阻

由FET Q1、Q2及Q4的“导通”电阻以及USB线缆

约250 mΩ的电阻共同组成。如果线缆电压下降，

充电器输入电压很少能达到4.5V。因此，设计一种

FET“导通”电阻最低的充电器，可以最小化充电时

间，这一点至关重要。图3比较了使用 TI bq24190 

图2 基于输入电压的DPM
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FET ON resistance to minimize charging time. 
Figure 3 compares the charging time of a design 
using the Texas Instruments bq24190 USB/
adapter charger and an alternative design having 
an extra 80 mΩ in the charging path. It can be 
seen that, with a 4.5-V input voltage, the charg-
ing time of the bq24190 design is reduced by 
20% compared with the other design.

Extending battery run time
Of course, the higher the battery capacity, the 
longer is the battery run time. For a single-cell 
operating system that usually requires a 3.3-V 
output, the typical minimum system voltage is 
around 3.4 V. If the ON resistance of MOSFET 
Q4 is 50 mΩ, and the battery-discharge current 
is 3 A, the battery cutoff voltage is 3.55 V. This 
means that over 15% of the battery capacity is 
unused. In order to maximize the battery run 
time, the MOSFET Q4’s ON resistance must be 
as small as possible. For instance, with an ON resistance 
of 10 mΩ and the same peak battery-discharge current of 
3 A, the battery cutoff voltage will be 3.43 V. This provides 
10% more battery capacity than with an ON resistance of 
50 mΩ.

Figure 4 shows an example of a high-efficiency, single-
cell I2C battery charger with integrated MOSFETs. This 
charger supports both USB and AC adapter inputs for tab-
lets and portable media devices. All four power MOSFETs 
are integrated, while MOSFETs Q1 and Q4 are used to 
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Figure 3. Effect of high ON resistance in the charging path

sense the input current and battery-charge current, further 
minimizing the system’s solution size. This charger can 
distinguish between a USB port and an adapter to quickly 
set the correct input-current limit. Additionally, the char-
ger can operate as a stand-alone charger with internal 
default charge current, charge voltage, a safety timer, and 
input-current limits—even when the system is turned off. 
The charger also has a USB On-the-Go (OTG) function, 
operating in boost mode to provide a 5-V, 1.3-A output at 
the USB input from the battery.
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Figure 4. High-efficiency, 4-A I2C switching charger with DPM

USB/适配器充电器设计和80 mΩ充电通

路额外电阻替代设计的充电时间。我们

可以看到，相比另一种设计，由于输入

电压达到4.5V，bq24190设计的充电时

间缩短了20%。

延迟电池使用时间

当然，电池容量越高，电池使用时间也

就越长。对于一个单电池供电的系统而

言，通常要求3.3V的输出电压，其典型

最小系统电压为3.4V左右。如果MOS-
FET Q4的“导通”电阻为50 mΩ，并且

电池放电电流为3A，则电池截止电压为

3.55V。这就意味着，超过15%的电池

容量并未得到利用。为了最大化电池使

用时间，MOSFET Q4的“导通”电阻

必须尽可能地小。例如，“导通”电阻为10 mΩ，并

且峰值电池放电电流同样为3A，则电池截止电压为

3.43V。相比50 mΩ的“导通”电阻，它所提供的电

池电量多10%。

图4显示了一个使用集成MOSFET的高效、单电池I2C
充电器举例。这种充电器同时支持USB和AC适配器

输入，适用于平板电脑和便携式媒体设备。集成了所

有4个功率MOSFET，同时MOSFET Q1和Q4用于检

测输入电流和电池充电电流，从而进一步最小化系统

的解决方案尺寸。这种充电器还可区分USB端口和适

配器，以快速设置正确的输入电流限制。另外，充电

器可以单独工作（即使在系统关闭的情况下），拥有

内部默认充电电流、充电电压、安全计时器和输入电

流限制。这种充电器还具有USB On-the-Go（OTG）

功能，其工作在增压模式下，通过电池在USB输入端

提供5V、1.3A输出。

图3 充电通路中高“导通”电阻的影响

图4 使用DPM的高效、4A I2C开关式充电器
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Thermal performance
Thermal performance is critical for portable 
devices with a very thin profile because users can 
easily feel the heat dissipated from the printed 
circuit board. This heat is due to components 
that consume a lot of power, such as the bat-
tery charger. To combat this, a high-efficiency 
charger and a good layout are very important. 
To further improve the thermal performance, 
a thermal-regulation loop is available in the 
bq2419x family. It maintains the maximum junc-
tion temperature by reducing the charge current 
once the device reaches the predefined junction 
temperature. Figure 5 shows the measured 
battery-charging efficiency in a bq24190 design. 
Up to 94% efficiency can be achieved with a 5-V 
USB input. With a 9-V input and a 4-A charge 
current, there is only a 32°C temperature rise.

Conclusion
This article has shown that DPM based on either 
input current or input voltage can be used to power porta-
ble devices, providing instant system turn-on while simul-
taneously charging the battery. It has also been shown that 
adding a battery-supplement mode is critical for optimizing 
power-system performance. Other design considerations 
have also been discussed, such as instant turn-on with a 
depleted battery, battery run time, charging-path resist-
ance, and thermal performance.
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Figure 5. Measured battery-charging efficiency at 
different charge currents

散热性能

对于那些具有超薄外形的便携式设备而言，

散热性能至关重要，因为用户可以很容易地

感觉到来自印刷电路板的发热情况。这种热

是由一些高功耗组件所产生，例如：电池

充电器等。要想解决这个问题，使用高效的

充电器和良好的电路板布局非常重要。为了

进一步提高散热性能，bq2419x系列产品内

部使用了一个热调节环路。它通过在器件达

到预设结点温度时降低充电电流，来控制最

大结点温度。图5显示了bq24190设计的测

得电池充电效率。使用5V USB输入时，它

的效率可高达94%。9V输入和4A充电电流

时，温升仅32°C。

结论

本文表明，基于输入电流或者输入电压的

DPM可用于为便携式设备供电，从而在对电池充电的

同时实现系统瞬时开启。另外，它还表明，增加电池

补充供电模式对于电源系统性能优化至关重要。我们

还讨论了其它一些设计考虑，例如：如何使用低电量

电池实现瞬时系统开启、电池使用时间、充电通路电

阻以及散热性能等。

相关网站

电源管理：

www.ti.com/power-aaj
www.ti.com/battery-aaj
www.ti.com/bq24190-aaj
www.ti.com/bq24192-aaj

《模拟应用期刊》订阅：

www.ti.com/subscribe-aaj

图5 不同充电电流下的测得电池充电效率
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