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Using the STw4102 for Li-Ion battery charging and monitoring

Introduction
Many portable applications now use Li-Ion batteries for which a dedicated charging system 
is required. Handheld devices such as mobile phones, music and video players, as well as 
portable navigation devices tend to integrate ever more multimedia functions that each have 
different power needs. As such, it has become difficult to manage the battery capacity and 
predict the remaining operating time with no dedicated gas gauge support. The STw4102 is 
a new innovative device that combines the charge control function and battery monitoring 
features in the same package for reduced PCB area use and global cost optimization.

This application note is intended to assist product designers by taking advantage of using 
the STw4102 in one-cell Li-Ion battery handheld applications to implement the charge and 
battery monitoring functions. The document provides:

● a brief description of the STw4102 and typical applications.

● a general flow chart of the tasks needed to control the STw4102.

● information on how to use the STw4102 to charge a battery from a wall adapter or USB 
cable.

● information on how to use the battery monitoring functions of the STw4102 to build a 
gas gauge system.
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1 About the STw4102

The STw4102 combines the charge and battery monitoring functions in the same package.

The charge function is a standalone constant-current constant-voltage (CCCV) linear 
charger dedicated to the one-cell Li-Ion battery. The STw4102 offers a dual-charging 
capability using separate inputs for a USB cable and a wall adapter, or a single input that 
accepts both. The charge current can be programmed to a maximum of 100 or 500 mA for 
use with a USB 2.0 port, or programmed to the value set by an external resistor for use with 
a wall adapter or a dedicated USB charger.

The STw4102 battery monitoring function includes measurement of the battery voltage and 
current, and computation of the battery charge variation (Coulomb counter). An external 
sense resistor used in series with the battery adapts the current measurement to the 
application requirements.

A typical application of the STw4102 is shown in Figure 1.

Figure 1. Typical application diagram for the STw4102
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The STw4102 mode and operation are controlled through an I2C interface. The VIO voltage 
is the supply voltage for the digital I/Os.

● SCL and SDA are the clock and data signals of the I2C interface.

● RESETN is used to reset the STw4102 registers to their default value.

● C32KHZ is a 32,768 Hz clock signal used as a time base for the gas gauge.

● STDBY may be used to put the battery monitoring functions in standby mode by using 
a hardware signal, the standby state is controlled by a combination of the STDBY 
signal and the CG_ENA and ADPOWERON bits in the internal registers. If not used, 
the STDBY pin must be connected to VIO.

Refer to the STw4102 datasheet for more detailed information(a).

a. See Table 7: Document references.



General control flow chart AN2831

4/16   

2 General control flow chart

Figure 2 depicts the general flow chart to control the charge and battery monitoring 
functions of the STw4102.

Figure 2. General charge and battery monitoring flow chart 

The controller tasks are described in detail in the following sections.
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3 Charge function

The STw4102 charge function is designed to be controlled by the application system 
controller. However, if the controller is not active (for instance when the battery is fully 
discharged) the STw4102 operates in standalone mode.

When the system is in the power-down state, the supplies are usually switched off and VIO 
is not present. In this case, all the I/O lines, especially the RESETN signal, are low and the 
control registers are automatically reset to the default values. The STw4102 starts charging 
as soon as a power source is connected to the MAIN or USBPWR inputs.

3.1 Power-up conditions
The charge is enabled at power-up so as to be able to charge an empty battery when the 
controller is unable to start due to the battery voltage being too low.

In the standard configuration, the power-up conditions are as follows.

● The charge voltage is set to 4.1 V to ensure maximum safety with all kinds of Li-Ion 
batteries.

● The MAIN input is in the wall adapter mode, meaning that the charge current is set by 
the external resistor; this corresponds to a configuration where the wall adapter and 
USB cable use separate inputs.

● The USB charge current is set to 60 mA to comply with the USB 2.0 regulation.

● The watchdog is enabled and is set to one minute.

For special requirements (for instance, if the STw4102 is used in the common wall 
adapter/USB input mode) and on request, some power-up values can be changed directly at 
factory level.

● MAIN input mode: either wall adapter mode or USB mode.

● Watchdog enable or disabled: period = 1, 15, 30 or 60 minutes.

Refer to chapter 9 of the STw4102 datasheet for all factory options(b).

When the system controller starts, it has to set the appropriate charge parameters.

● Charge voltage: usually 4.2 V for most batteries. The 4.1 V setting can be used to 
extend battery lifetime but with reduced capacity. New high performance battery 
generations may take benefit of the 4.30 and 4.35 V settings (consult battery 
datasheets).

● MAIN input mode, if different from the power-up mode.

● USB current capability depending on the USB state: 0, 60 or 400 mA.

● Watchdog delay: it is recommended to keep the watchdog enabled and set to 1 minute 
for maximum charge safety. If the watchdog is not used it must be disabled with 
WDOG_EN=0 and cleared with WDOG_RST=1. 
This is done by accessing the REG_CHG0 and REG_WDOG registers. The charge 
parameters are kept in the STw4102 registers until the RESETN signal goes low.

b. See Table 7: Document references.
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The open-drain PWRDETECTN output indicates that a power source is plugged in (wall 
adapter or USB cable). This output can be used to wake up the system, or signal the event 
by an interrupt mechanism. The MAINDETECT and USBDETECT bits in the REG_CHG0 
register can be used to determine which power source is plugged in.

3.2 Controller tasks during the charge
While the application is active, the controller manages the following tasks.

● When a power source is detected, the controller starts a new charge cycle according to 
the actual power source.

● When charging from a USB port, the controller sets the appropriate charge current 
level or even disables the charge according to the current USB state.

● When the charge duration reaches the maximum charge time (usually 3 hours when 
using fast charge from a wall adapter), the controller disables the STw4102 charge 
function.

The watchdog must be refreshed periodically to keep the charge active. If the watchdog 
period elapses, then the charge is disabled until the watchdog is refreshed again. Note that 
if the watchdog elapses and then is disabled, the charge is still disabled. The suggested 
method is to manage the watchdog as part of the battery monitoring and gas gauge task 
(see Chapter 4: Battery monitoring functions).

Enabling and disabling the charge is done with the CHG_ENA bit in the REG_CHG1 
register. When the charge is active, the EOCHG open-drain output indicates the charge 
status: EOCHG is pulled down when the STw4102 is the fast charge phase and is open near 
the end of charge when the charge current is less than 10% of the programmed charge 
current. The same information is available with the CHARGERUN bit in the REG_CHG0 
register. Note that an open EOCHG state does not necessarily mean that the charge is 
finished, it just indicates to the user that the battery is almost fully charged, but the STw4102 
continues to charge the battery to optimize the final stored energy (top-off or maintenance 
phase). EOCHG can be forced low, for instance during the complete charge duration, by 
writing to the FORCECHARGERUN bit in the REG_CHG1 register.

The system controller must stop the charge, usually 3 hours after the charge start. An 
alternative method that does not involve the controller is to set the watchdog period to one 
hour after EOCHG goes high and let the watchdog stop the charge. In all cases, it is not 
recommended to keep the battery charging for long periods as this can reduce the battery’s 
lifetime.
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3.3 Separate wall adapter/USB input configuration

Figure 3. STw4102 used in dual input mode 

In this configuration, the REG_CHG0 register must be programmed with SEL_DC_USB=0, 
which is the standard power-up value. The STw4102 then automatically uses the MAIN or 
USBPWR input according to the internal logic, which gives priority to the MAIN input if the 
two inputs are connected to power sources.

There can be some cases where the USB charge must be disabled, like for instance when 
the USB is used for OTG purposes. Two possibilities exist.

● If the USBPWR input standby current must be reduced to a minimum, then the charge 
must be globally disabled for both MAIN and USBPWR inputs by setting the CHG_ENA 
bit to 0. The USBPWR standby current is then reduced to 40 µA maximum.

● If a higher standby current on the USBWR input is acceptable, then the charge from the 
MAIN input can still be enabled: CHG_ENA is set to 1, the USB current is set to 0 by 
setting both USB_ICHG bits to 1 and the special SEL_IS bit in the REG_CHG1 register 
is set to 1. In this case the USB standby input current is approximately 250 µA.

3.4 Common wall adapter/USB input configuration

Figure 4. STw4102 used in common input mode 
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In this configuration, the MAIN input is used for charging from either a wall adapter, a 
dedicated USB charger that allows more than 500 mA or a USB 2.0 cable limited to 500 mA. 
In this case the SEL_DC_USB and USB_ICHG bits are used to set the charge current 
according to the actual power source connected to the MAIN input:

● USB cable, 100 mA capability: set SEL_DC_USB=1, USB_ICHG=00.

● USB cable, 500 mA capability: set SEL_DC_USB=1, USB_ICHG=10.

● dedicated USB charger, wall adapter: SEL_DC_USB=0, the charge current is then set 
by the external resistance.

In this configuration, when the charge is disabled with the CHG_ENA bit set to 0, the MAIN 
input current is approximately 2 mA.
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4 Battery monitoring functions

The STw4102’s battery monitoring functions include:

● a gas gauge for automatic computation of the battery charge variation: this is done by 
integrating the battery current versus the time and accumulating the resulting charge 
into charge and discharge registers. The last measurement of the current is available.

● measurement of the battery voltage.

The battery monitoring functions are disabled when the system is in power-down state (VIO 
off, RESETN low). This ensures a low standby current from the battery.

The gas gauge function uses a 13-bit ADC and is enabled by the CG_ENA bit in the 
REG_CG register. Once enabled, the gas gauge continuously updates the battery current 
measurement and the charge/discharge internal registers.

4.1 Charge and discharge data reading
The charge and discharge data as well as the conversion count are read at the request of 
the system controller by using the RD_REQ bit. The recommended procedure is:

● set RD_REQ.

● wait for 250 µs.

● read the locations REG_CHARGE (3 bytes), REG_DISCHARGE (3 bytes) and 
REG_CONVNUMBER (2 bytes).

The charge/discharge values depend on the external resistance Rsense:

● Charge data (mA.h) = 0.00163 µV.h * REG_CHARGE / Rsense (mΩ).

● Discharge data (mA.h) = 0.00163 µV.h * REG_DISCHARGE / Rsense (mΩ).

When an accumulator reaches its maximum value (binary code = 224-1 = 0xFFFFFF), it 
stops accumulating. It is important to periodically reset the accumulators with the 
RST_CHRG and RST_DCHG bits. The conversion counter does not stop when it reaches 
212-1 = 0xFFF, but wraps to 0 and continues counting. It may, however, be convenient to 
reset it with the RST_COUNTER bit at the same time as the accumulators. Note that the 
conversion counter is 12 bits wide and that the upper 4 bits of the high byte must be 
discarded.

The CG_EOC bit in the REG_CG register can be used to check if at least one new 
conversion has been made since the last reading of REG_CG.

4.2 Battery current reading
The last measured value of the current is available in the CONVDATA locations (2 bytes), is 
updated at each conversion and is not synchronized with the I2C. To read it:

● read the CONVDATA (2 bytes) location once.

● read again the CONVDATA location.

● if the two results do not match, read the CONDATA location a third time.

The actual value of the current depends on the value of the external sense resistor:

Current (mA) = CONVDATA * 23.5 µV / Rsense (mΩ).
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4.3 Battery voltage reading
The voltage measurement uses a separate 7- or 12-bit analog-to-digital converter (ADC) 
that operates independently of the current measurement and gas gauge. The 7-bit mode 
gives the shortest conversion time (8 ms) whereas the 12-bit mode gives full resolution 
(1.4 mV). The resolution is set by the ADRESOLUTION bits. Generally, the 12-bit mode 
should be used, unless fast battery voltage variations have to be monitored.

The battery voltage measurement is made under control of the system controller: the ADC 
must be enabled by setting the ADPOWERON bit and each conversion has to be triggered 
by setting the ADSTART bit in the REG_ADCTRL register.

The recommended read procedure is:

● at power up, initialize the ADC by setting ADPOWERON, and trigger a first conversion 
by setting the ADSTART bit.

● periodic task: read the battery voltage at the REG_ADDATA location (1 byte in 7-bit 
resolution, 2 bytes in 12-bit resolution), then trigger the next conversion by setting again 
the ADSTART bit.

In this way, the last voltage result is always available. The LSB value is 45.4 mV in 7-bit 
resolution and 1.42 mV in 12-bit resolution.

4.4 Controller tasks
The gas gauge and voltage measurement functions are disabled at power-up or at each 
STw4102 reset (RESETN input driven to low level).

The system controller does the following tasks.

● At start-up, it enables the gas gauge and the ADC for battery voltage measurement.

● It periodically reads the gas gauge and battery voltage, and if necessary resets the 
accumulators.

● At power-down, it disables the gas gauge and battery voltage ADC.

Note: 1 The 32768 Hz clock signal must be present for both the gas gauge and battery voltage 
measurement functions. When the gas gauge and battery voltage ADC are stopped with the 
CG_ENA and ADPOWERON bits, the clock signal must still be present until the end of the 
current conversion (this can take up to 250 ms).

2 If the battery voltage ADC is not used, the ADPOWERON bit must still be set at start-up and 
cleared at power-down. This ensures correct operation of the standby mode of the STw4102 
and minimum quiescent current from the battery.
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Appendix A STw4102 demonstration board

The STw4102 demonstration board is convenient to evaluate the charge and battery 
monitoring functions and quickly obtain a working prototype or design reference.

Figure 5 describes the basic connections to use the STw4102 demonstration board.

Figure 5. STw4102 demonstration board usage 

The EOCH and PWRDT pads are connected to the STw4102 EOCHG and 
POWERDETECTN pins respectively. The PWRDT pad has a 10 kΩ pull-up resistor to BATT.

The demonstration board is configured for a charge current of 1 A from the MAIN wall 
adapter set by the R1 resistor on the board. To change the charge current, remove the R1 
resistor from the board and use an external resistor between the ISET pad and ground.

The gas gauge sense resistor is on the board and the resistance value is 33 mΩ.

The digital interface is made of VIO (I/O voltage to be externally provided, 1.45 to 3.0 V), 
SDA, SCL (I2C bus signals), RST (STw4102 RESETN), STBY (STw4102 STDBY) and C32 
(STw4102 C32KHZ). The RST pad has a 10 kΩ pull-up resistor to VIO.
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Appendix B STw4102 register mapping

The mapping of all registers is shown in Table 1.

         

The registers REG_CHG0, REG_CHG1, REG_WDOG, REG_CG and REG_ADCTRL are 
described in detail in Table 2 to Table 6. Power-up values are set at power startup or at reset 
(RESETN pin at low level).

Table 1. Register map

Name
Address 

(dec.)
Type Description

REG_CHG0 0 R/W Charge control and status

REG_CHG1 1 R/W Charge enable

REG_WDOG 2 R/W Watchdog control

REG_CG 3 R/W Gas gauge control

REG_CHARGE_LOW 4 R Gas gauge charge data, bits 0-7

REG_CHARGE_MID 5 R Gas gauge charge data, bits 8-15

REG_CHARGE_HIGH 6 R Gas gauge charge data, bits 16-23

REG_DISCHARGE_LOW 7 R Gas gauge discharge data, bits 0-7

REG_DISCHARGE_MID 8 R Gas gauge discharge data, bits 8-15

REG_DISCHARGE_HIGH 9 R Gas gauge discharge data, bits 16-23

REG_CONVDATA_LOW 16 R Gas gauge AD converter data, bits 0-7

REG_CONVDATA_HIGH 17 R Gas gauge AD converter data, bits 8-12

REG_CONVNUMBER_LOW 18 R Number of conversions, bits 0-7

REG_CONVNUMBER_HIGH 19 R
Number of conversions, bits 8-11,
bits 12-15 are undefined

REG_ADCTRL 20 R/W Battery voltage monitor control

REG_ADDATA_LOW 21 R Battery voltage data, bits 0-7

REG_ADDATA_HIGH 22 R Battery voltage data, bits 8-11 in 12-bit mode
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Table 2. REG_CHG0. address 0 (00h)

Name Pos. Type
Power-

up
Description

CHARGERUN 0 R 0
0: charge is below 10% of fast charge current.
1: charge is above 10% of fast charge current.

MAINDETECT 1 R 0 Main input voltage detection.

USBDETECT 2 R 0 USB input voltage detection.

VCHG [4,3] R/W 00
Charge voltage
00 = 4.1 V, 01 = 4.2 V, 10 = 4.3 V, 11 = 4.35 V.

SEL_DC_USB 5 R/W 0
Wall adapter/USB selection for MAIN input.
0: charge current set by Rset resistor.
1: charge current set by USB_ICHG bits.

USB_ICHG [7,6] R/W 00
USB charge current
00 = 60 mA, 01 = 200 mA, 10 = 400 mA, 11 = off.

Table 3. REG_CHG1. address 1 (01h)

Name Pos. Type
Power-

up
Description

CHG_ENA 0 R/W 1
0: charger disabled. 
1: charger enabled. 

Reserved [3,1] R/W 0 Reserved bits, to be set to zero.

FORCECHARGER
UN

4 R/W 0
0: no effect.
1: force EOCHG low independently of charge 
state.

SEL_IS 5 R/W 0
0: internal supply from Main or USB input when 
available and charge enabled.
1: internal supply always from battery. 

Unused [7,6] R/W

Table 4. REG_WDOG. address 2 (02h)

Name Pos. Type
Power-

up
Description

WDOG_EN 0 R/W 1
0: watchdog disabled.
1: watchdog enabled.

WDOG_TIME [2,1] R/W 00
00 = 1 minute, 01 = 15 minutes, 10 = 30 minutes,
11 = 60 minutes.

WDOG_RST 3 R/W 0
0: no effect.
1: reset watchdog. Bit cleared after watchdog 
reset.

Reserved [5,4] R/W 0 Reserved bits, to be set to zero.

WDOG_INT 6 R x 1: watchdog has elapsed.

Unused 7
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Table 5. REG_CG. address 3 (03h)

Name Pos. Type
Power-

up
Description

CG_ENA 0 R/W 0
0: gas gauge disabled. Charge/discharge 
accumulators are reset.
1: gas gauge enabled.

RST_CHRG 1 R/W 0
0: no effect.
1: resets the charge accumulator. This bit auto 
clears after the charge register has been reset.

RST_DCHRG 2 R/W 0
0: no effect.
1: resets the discharge accumulator. This bit auto 
clears after the discharge register has been reset.

RST_COUNTER 3 R/W 0
0: no effect.
1: resets the counter conversion. This bit auto 
clears after the counter register has been reset.

RD_REQ 4 R/W 0

0: no effect.
1: transfers the 24-bit charge/discharge 
accumulators and the conversion counter to the 
charge/discharge and conversion number 
registers. This bit auto clears after the transfer.

CG_CAL 5 R/W 0
0: no effect.
1: allows calibration of the AD converter.

CG_EOC 6 R 0
Set to high at the end of a conversion. Cleared 
after a read.

Unused 7

Table 6. REG_ADCTRL. address 20 (14h)

Name Pos. Type
Power-

up
Description

ADPOWERON 0 R/W 0
0: allows ADC shutdown.
1: enables ADC operation.

ONSTATE 1 R 0
0: ADC is not ready for operation.
1: ADC is ready for operation.

ADSTART 2 R/W 0
0: no effect.
1: allows to start a conversion. Cleared upon 
writing.

ADRUN 3 R 0
0: an AD conversion is not running.
1: an AD conversion is running.

ADRESOLUTION 4 R/W 0
0: 7 bits.
1: 12 bits.

ADCAL 5 R/W 0
0: no effect.
1: allows calibration of the AD converter.

Unused [7,6]
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