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ABSTRACT
Unlike other chargers in the bq2560x product family, the bq25606 device is a highly-integrated standalone
3-A switch-mode battery charge and system power path management device for single cell Li-Ion and
Li-polymer batteries. This application report explains how to customize the charging parameters with the
bq25606 device and provides answers to frequently asked application questions.
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1 Introduction
As a standalone charger, the bq25606 functions independently without any software or host control. This
helps to reduce the charger system complexity. Also, the charge parameters such as charging current,
charge voltage limit, and so on, are set via external components.

Referring to Figure 1, the device charges the battery in five phases: 1) battery short, 2) preconditioning
(pre-charge), 3) constant current (fast charge), 4) constant voltage and 5) charge termination. Table 1
shows the key charging parameters for the bq25606 charger system.

At the beginning of a charging cycle, the device checks the battery voltage and regulates current and
voltage accordingly. If the charger device is in DPM (Dynamic Power management) regulation or thermal
regulation during charging, the actual charging current is less than the programmed value. In this case,
termination is temporarily disabled and the charging safety timer is counted at half the clock rate.

Figure 1. Battery Charging Profile

Table 1. Charging Parameter Setting

PARAMETER PARAMETER SYMBOL PARAMETER VALUE PARAMETER RANGE
Trickle Charge Current

(VBAT < 2 V) ISHORT 100 mA Fixed

Pre-charge Current
(2 V < VBAT < 3 V) IPRECHG 5% of ICHG Depending on ICHG

Fast Charge Current
(VBAT > 3 V) ICHG ICHG pin controlled 300 mA - 3000 mA

Termination Current ITERM 5% of ICHG Depending on ICHG
Charging Voltage VREG VSET pin controlled 4.208 V / 4.352 V / 4.400 V
Input Current Limit ILIM ILIM pin controlled 500 mA - 3200 mA

Temperature Profile - JEITA Fixed
Safety Timer - 10 hours Fixed

http://www.ti.com
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2 Design Guidelines

2.1 Fast Charge Current (ICHG)
Fast charge current is set by a resistor (RICHG) connected from ICHG pin to ground per Equation 1.

Figure 2. Fast Charge Current Setup

ICHG = KICHG / RICHG (1)
Where KICHG= 677 A x Ω typically (2)

The acceptable range for ICHG is between 300 mA and 3000 mA. At low termination currents which is 5%
of ICHG, due to the comparator offset, the actual termination current could be higher than the termination
target and the termination current accuracy is not optimized. So it is not recommended to set ICHG low,
especially smaller than 300 mA.

2.2 Termination Current (ITERM)
The charger device automatically terminates the charging cycle when the charging current is below
termination threshold and battery voltage is above recharge threshold, and device not is in DPM (dynamic
power management) mode or thermal regulation. After the charging cycle is completed, the BATFET turns
off. Termination current is typically 5% of ICHG value.

2.3 Charging Voltage (VREG)
Charging voltage is the voltage that the battery is charged to when charged to full capacity. Referring to
Figure 3, VSET pin sets default battery charge voltage for the charger with a resistor pull-down (RPD ) from
VSET to GND.

The VREG can not be set on-the-fly. The charger only detects the VSET setting at POR (Power-On-
Reset) and any RPD changes to after POR are ignored. In order to apply new VREG setting via RPD, the
VBUS should be restarted.

Figure 3. Charging Voltage Setup

RPD > 50 kΩ (float pin) = 4.208 V (3)
RPD < 500 Ω (short to GND) = 4.352 V (4)
5 kΩ < RPD < 25 kΩ = 4.400 V (5)

2.4 Input Current Limit (ILIM)
The input current limit should be set between 500 mA and 3200 mA. A resistor (RILIM) is connected from
ILIM pin to ground to set the input current limit as in Figure 4.

Figure 4. Input Current Limit Setup

IINDPM = KILIM / RILIM (6)
Where KILIM= 500 A x Ω maximum (7)

http://www.ti.com
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The resistor based input current limit is effective only when the input adapter is detected as unknown.
Otherwise, the input current limit is determined by D+/D– detection outcome.

The device has the capability to work with lower input current limits. However, the behavior and accuracy
below 500 mA are not optimized. As such the ILIM is specified above 500 mA.

3 Frequently Asked Questions

If USB related functions are not used in the application, what shall the user do with the D+, D-
pins?
In order to use the ILIM pin, the charger must detect D+/D- as an Unknown Adapter. Leave the D+ and D-
pins floating to do so. Shorting D+ and D- detects the input as a DCP type adapter which sets the input
current limit to 2.4 A automatically.

If OTG (boost function) is not used in the application, what shall the user do with the OTG pin?
Ground the OTG pin. The OTG pin cannot be floating.

If thermistor is not used in the application, what shall the user do with the TS pin?
Charge suspends when TS pin voltage is out of range. Even if a thermistor is not used, it is still necessary
to connect a resistor divider from REGN to TS to GND so that the TS pin voltage is in the range, that is,
between VT2 and VT3 as shown in Table 2. It is recommended to connect TS pin as in Figure 5 with two 10
kΩ resistors.

Table 2. JEITA Thermistor Comparator (Buck Mode)

PARAMETER TEST CONDITIONS MIN TYP MAX

VT2

T2 (10°C) threshold, Charge
back to ICHG/2 and 4.2 V below
this temperature

As percentage of VREGN 67.2% 67% 69%

Falling As percentage of VREGN 66% 66.8% 67.7%

VT3

T3 (45°C) threshold, Charge
back to ICHG and 4.05 V above
this temperature

Charger suspends charge. As
percentage of VREGN

43.8% 44.7% 45.8%

Falling As percentage of VREGN 45.1% 45.7% 46.2%

Figure 5. TS pin Connection When Thermistor Is Not In Use

What if STAT or PG functions is not used in the application?
Keep the pin floating if not used.

Are there any suggestions for key external components on the charger design?
VBUS pin: Place a 1 uF ceramic capacitor from VBUS to GND and place it as close as possible to IC. The
voltage rating should be at least twice of the maximum VBUS voltage applied.

PMID pin: The actual power input for the charger. Put at least 10 μF ceramic capacitor between PMID and
GND. The voltage rating should be at least twice of the maximum VBUS voltage applied. Capacitance of
22 μF is suggested for typical of 3 A charging current.

BAT pin: Connect a 10 μF (10 V rating) closely to the BAT pin.

SYS pin: Connect 10 μF to 20 μF (10 V rating) capacitor close to the SYS pin.

http://www.ti.com
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Output inductance: 1 μH to 2.2 μH The charger has implemented internal compensation. Strictly follow the
output inductance and SYS capacitance guidelines to ensure the system stability and performance.

BTST cap: Connect a 0.047 μF (>= 10 V rating) bootstrap capacitor from SW to BTST.

REGN cap: Connect a 4.7 μF (10 V rating) ceramic capacitor from REGN to analog GND. The capacitor
should be placed close to the IC.

Low ESR ceramic capacitors such as X7R or X5R are preferred for the capacitors selected.

How is VSYS regulated in buck mode with valid VBUS?
The device deploys Narrow VDC architecture (NVDC) with BATFET separating system from battery. Even
with a fully depleted battery, the system is regulated above the minimum system voltage (VSYSMIN)
which is 3.5 V. Table 3 shows the system regulation voltage under various conditions.

When the battery voltage (VBAT) is below VSYSMIN, the BATFET operates in linear mode (LDO mode),
and the system voltage (VSYS) is typically 180 mV above VSYSMIN. As the battery voltage rises above
the VSYSMIN, BATFET is fully on and the voltage difference between the system and battery is the VDS
of BATFET.

When the battery charging is disabled and above VSYSMIN or charging is terminated, VSYS is always
regulated at typically 50 mV above VBAT.

Table 3. VSYS Regulation with Valid VBUS in Buck Mode

VBAT < VSYSMIN VBAT > VSYSMIN
Charge Enable VSYS = VSYSMIN + 180 mV VSYS = VBAT + BATFET VOLTAGE DROP
Charge Disable VSYS = VSYSMIN + 180 mV VSYS = VBAT + 50 mV

When battery is not connected, that is, BAT pin is floating, why does the STAT pin blink?
The device does not have battery detection function. When battery is not connected and charge is
enabled, the device tries to regulate VBAT to charging voltage (VREG) then terminate. After certain time,
VBAT may drop below recharge threshold and the device charges VBAT to charging voltage again. So the
charger status switches between charging in progress and charging complete and STAT pin blinks. If
charge is disabled with CE pin, the device does not charge.

Can Q4 (BATFET) be turned off by users?
No. Q4 (BATFET) can not be controlled externally or be turned on/off by I2C.

4 Summary
The bq25606 is designed to be easy-to-use and with no software is required. This application note
explains the design basics for the device. More technical information is available at
http://www.ti.com/product/BQ25606/technicaldocuments. Customers may also create bq25606 customized
design with WEBENCH® Power Designer. Further technical inquiries can also be communicated at TI
E2E™ Community.

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA924
http://www.ti.com/product/BQ25606/technicaldocuments
http://www.ti.com/design-tools/webench-power-design/battery-charger.html
http://e2e.ti.com/support/power_management/battery_management/f/179
http://e2e.ti.com/support/power_management/battery_management/f/179


IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources 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.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated

http://www.ti.com/sc/docs/stdterms.htm
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/lit/pdf/SSZZ027
http://www.ti.com/sc/docs/sampterms.htm

	Designing A Standalone Single Cell 3-A Charger with the bq25606
	1 Introduction
	2 Design Guidelines
	2.1 Fast Charge Current (ICHG)
	2.2 Termination Current (ITERM)
	2.3 Charging Voltage (VREG)
	2.4 Input Current Limit (ILIM)

	3 Frequently Asked Questions
	4 Summary

	Important Notice

