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ABSTRACT

Power packs or power banks are used to extend run time for mobile devices like smart phones, tablets,
and gaming systems. As the cell capacity nears the end of a charge, the cell chemical impedance
increases, thus causing the apparent cell voltage to fall. Because the cell is powering a boost converter to
provide the 5-V rail, the current increases further to deliver the same power to the load. This increase
results in less total capacity being delivered to the load. .

The TPS2511 is a great solution for power banks and can support charging a wide variety of devices
including iPads®, Galaxy Tablets™, smart phones, and portable gaming systems.

The TPS3700 is a low quiescent current (IQ) window comparator IC that has user-settable overvoltage and
undervoltage thresholds with independent outputs. These can be used to set a high current mode when
then the cell is at full capacity and a lower current mode on the TPS2511 as the cell voltage falls.

This document shows how the TPS3700 combined with the TPS2511 helps maximize the amount of
capacity that can be used, while minimizing heat in the power bank.
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1 Introduction

The TPS2511 is a sophisticated, dedicated, charging port controller with a programmable current limit,
load droop compensation, and short-circuit current limiting. This device integrates autodetect logic to
automatically configure and negotiate with the connected device to provide the correct charging current.
Figure 1 shows the block diagram.

Figure 1. TPS2511 Block Diagram
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The TPS2511, shown at the top of Figure 1, has an embedded N-channel pass switch and internal current
limit. The ILIM_SET pin is used to program the current limit. The EN pin enables the device. Because
USB cables have an intrinsic parasitic resistance, there is a IR voltage drop from the charging side to the
load. Therefore, the voltage at load may be too low to properly charge the battery at higher charging
currents. The TPS2511 uses designed-in voltage droop compensation to compensate for this low voltage.
When the load current exceeds 1.2 A, the CS pin is pulled low, which is used to pull down on the
feedback network of the dc-dc converter providing the 5-V rail. This pull-down results in the dc-dc
converter raising its output voltage to compensate for the IR voltage drop in the USB cable. This mode of
operation is required to meet Made-for-iPad requirements.

The TPS3700 is a window comparator with independent undervoltage and overvoltage thresholds and
outputs. This device can operate with VDD ranging from 1.8 V to 18 V. If the voltage at the INB– pin rises
above the 400-mV threshold, the OUTB pin is pulled low. Correspondingly, if the INA+ pin falls below the
400-mV threshold, the OUTA pin is pulled low. Because this device is designed as a window comparator,
the OUTA and OUTB pins are open-drain outputs and can be either tied together or used independently.
Figure 2 shows the TPS3700 block diagram.

Figure 2. TPS3700 Block Diagram

The intended operation of the TPS3700 is to validate that the input voltage (VIN) is in a proper range
before enabling the system; for example, 4.75 V < VIN < 5.25 V. Because the two inputs and outputs can
be configured independently, they can be used in the power-bank application to maximize capacity.
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2 Basic Power Bank Structure

Figure 3 shows a very basic block diagram of a power-bank solution. Here, the input voltage may come
from either an ac adapter or a USB port. This voltage is used to charge the 1SnP configuration of Li-ion
cells (where 1S means one series cell and nP can be n cells in parallel). A battery charger is required to
properly charge the cell and a boost converter solution is required to supply 5 V to the USB port. The
TPS2511 negotiates with the end device so that it can charge with the proper charging voltage and
current.

Figure 3. Basic Power Bank Block Diagram
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3 Supporting Dual-Current Limits with the TPS3700

The circuit in Figure 4 shows how the TPS3700 can use the cell voltage to determine the charging current
at the load. Additionally, if the battery voltage falls below a set threshold, the TPS3700 can shut down the
boost converter completely.

Figure 4. Dynamically Adjusted Current Limit Based On Battery Voltage

In Figure 4, R5 and R6 set the effective undervoltage lockout (UVLO) for the boost converter. With these
resistor values, if the voltage were to fall below ~3.0 V, the boost converter is disabled. The voltage
threshold (VITP) is set using Equation 1:

(1)

The threshold for enabling (or disabling) the higher charge current is set using the same equation, but
substituting R3 for R5 and R4 for R6. When the INA input of the TPS3700 rises above the reference
threshold, the output of the OUTA pin becomes high impedance and is pulled up to VBAT. When VBAT is
greater than the programmed threshold voltage (~3.36 V in this example), the output of OUTA is pulled
high. This high state drives the gate of the 2N7002 and changes the current limit from ~1 A to ~2 A.
Therefore, while the cell is discharging, and after VBAT falls below ~3.36 V, the current limit falls to ~1 A.
The current limit of the TPS2511 is set by Equation 2:

where REFF = either the 50-kΩ resistor or the parallel combination of R7 and R8. (2)

5SBVA037–October 2012 Optimizing Li-ion Power Pack Performance
Submit Documentation Feedback

Copyright © 2012, Texas Instruments Incorporated

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVA037


Capacity Discharged (Amp-Hours)

C
e

ll 
V

o
lt
a

g
e

 (
V

)

2.5

2.7

2.9

3.1

3.3

3.5

3.7

3.9

4.1

4.3

0 0.2 0.4 0.6 0.8 1.0 1.2

1.0 A

0.5 A

0.33 A

Benefits of Changing Current Limit www.ti.com

4 Benefits of Changing Current Limit

Adjusting the charging current limit has two benefits in the power bank application. The first benefit is
simply that more of the battery capacity can be delivered to the load. There are two reasons for this; first,
there is a fixed impedance of any cell. For example, a typical 18650 Li-ion cylindrical cell usually has a
fixed internal impedance of around 80 mΩ. So, as the boost switch current increases from maybe 3 A to
say 5 A, the cell physical voltage drops from 240 mV to around 400 mV. There is also the chemical
impedance that is inherent in the discharge reaction of the cell itself. As the cell is nearing the end of its
charge capacity, this reaction rate slows and therefore the apparent output voltage is reduced as shown in
Figure 5.

Figure 5. Apparent Voltage vs Discharge Rate

The second benefit of reducing the discharge current when the battery is at lower voltage is simply
heating. The efficiency of the boost converter decreases as the switch current increases. As the power
bank application is generating 5V for a constant load, the switch current increases as the battery voltage
decreases. This translates into diminished conversion efficiency and more heat or power loss in the
application.

5 Conclusion

To extend the run time of portable devices, power packs or power banks want to deliver power to the load
as efficiently as possible to all know devices. The TPS2511 is a very popular solution for universal
chargers as well as power banks. When coupled with the TPS3700 as a voltage based discharge current
controller the power bank can deliver more of the cell capacity to the application. This is accomplished by
reducing the current limit of the TPS2511 as the cell voltage diminishes to realize more of the real
capacity in the cell.

6 References

1. TPS2511 data sheet, SLUSB18, Texas Instruments

2. TPS3700 data sheet, SBVS187B, Texas Instruments

3. Using NiMH and Li-ion in Portable Applications, SLUA015, Texas Instruments

6 Optimizing Li-ion Power Pack Performance SBVA037–October 2012
Submit Documentation Feedback

Copyright © 2012, Texas Instruments Incorporated

http://www.ti.com
http://www.ti.com/lit/pdf/SLUSB18
http://www.ti.com/lit/pdf/SBVS187
http://www.ti.com/lit/pdf/SLUA015
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBVA037


IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and TI will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	Optimizing Li-ion Power Pack Performance
	1 Introduction
	2 Basic Power Bank Structure
	3 Supporting Dual-Current Limits with the TPS3700
	4 Benefits of Changing Current Limit
	5 Conclusion
	6 References




