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STw4102

Dual USB/wall adapter Li-ion battery charger with gas gauge

Features

m Constant current constant voltage (CCCV)
linear charger

m Common or separate USB/wall adapter inputs

m Fast charge current control up to 1 A for wall
adapter and up to 500 mA for USB

m Support for currents higher than 1 A using
external components

m Programmable charge voltage (4.1 V, 4.2V,
4.3V, 4.35 V) with 1% accuracy

Thermal regulation

Trickle charge mode at low battery voltage
Wall adapter voltage up to 16 V

Battery overvoltage protection at 4.7 V
Gas gauge with 13-bit AD converter

Battery voltage monitor with 7-12 bit AD
converter

I°C interface for device monitoring and control
Charge status output pin

Power detection output pin

Programmable watchdog security timer

4.7 V LDO regulator (with external power
MOSFET)

Applications

m Cellular phones (GSM, CDMA, WCDMA),
PDA, MP3 players, cordless phones

m Digital camera, USB appliances, bluetooth
devices, portable navigation devices

Description

The STw4102 is a standalone constant current
constant voltage (CCCV) linear charger
specifically designed for Li-ion batteries.
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The STw4102 offers dual charging capability
using separate inputs for USB cable and wall
adapter, or a single input that accepts both.

The STw4102 also offers programmable fast
charge current using an external resistor. A
thermal regulation circuit limits the charge current
against the die high power dissipation or high
ambient temperature. An end of charge output pin
indicates the charge termination when the fast
charge current drops below 10% of the
programmed current value.

The STw4102 includes an accurate gas gauge
based on a 13-bit AD converter. An external
resistor is used between battery and ground to
sense a charge/discharge current. With a typical
30 mQresistor, current can be up to 2.5 A.

Rev 2 1/34
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Block diagram STw4102
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Block diagram

Figure 1. Internal block diagram
DRIVER
1
L1
MAIN Q] Main Power Device (max 1A) VOUT
USBPWR [] USB Power Device (max 500mA)
A
] SENSE

Thermal regulation

A

Driver

Ly Main
adapter
Detect

v

Sense ressitor

< Current Sense

1 BATT

USB R Voltage

Detect Current
Regulation

Voltage Sense <4— ] BATTSENSE

PWRDETECTN [
|‘q: CC/GV Trickle threshold

Trickle current Ccc/cv
configuration

A A

Charge Voltage

EOCHG [T|
7. hargeaurent | oy rent defined by

| .
external resistor

|

— 1 ISET

CVREF [} Vref
Internal 1] cvis
LDO Mairlsupply Supply
LDODRV []¢—m —
LDO driver 4.7V o
LDOEB [ID] > Battery Monitoring
{] STDBY
Power On
Charge Control Reset C32KHZ
Registers v L v
VIO 1 24 bit accumulator AD converter ICG+
¢l Control registers ¢ 12 bits + sign bit ICG-
SCL -
I°C interface
SDA €| Control AD converter | Battery voltage
Registers < 7-12bits (€
RESETN
r Iy
L1 LT
GND TEST

4




STw4102 Pin assighnment
2 Pin assighment
Table1.  Pin descriptions
Pin # Pin name Type Function
1 MAIN Supply Main power input from wall adapter or USB charger
2 VOuT O_A Power path output
3 USBPWR Supply Power supply from USB cable
4 DRIVER O_A Driver for external power switch (PMOS or PNP)
5 LDODRV O_A LDO power PMOS driver
6 LDOFB I_A LDO feedback regulation
7 ISET O_A Resistor to program the main charge current
8 CVREF I_A Bypass capacitor for internal voltage reference
9 GND Ground Analog and digital ground
10 CVIS I_A Bypass capacitor for internal supply
11 ICG+ I_A Gas gauge sense resistor
12 ICG- I_A Gas gauge sense resistor
13 C32KHZ I_.D External 32kHz clock input
14 STDBY I_D Gas gauge standby input (active low)
15 RESETN I_D Digital register reset (active low)
16 SDA I0_D 12C serial data.
17 SCL I_D 12C serial clock.
18 VIO Supply Supply for I/O
19 SENSE I_A Sense resistor input to regulate the charge current
20 BATT Supply Battery power voltage
21 BATTSENSE I_A Battery sense voltage
End of charge output status. Pulled low when the fast
22 EOCHG oD charge current is above 10% of its programmed
maximum value.
03 TEST I D gRreosuenrc\j/.ed pin for factory test. To be connected to
o |PwroETEGTI| oD [MeCrUSERus deecn Pl o pen o

In this table, the following conventions are used:

I: Input

O: Output

I/O: Bidirectional
OD: Open Drain
A: Analog

D: Digital

5/34
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STw4102

3 Absolute maximum ratings and operating conditions
Table 2. Absolute maximum ratings (AMR)

Symbol Parameter Value Unit
VMAIN Maximum supply voltage on MAIN input 20 \
Vee Voltage on EOCHG, LDODRYV, DRIVER pins -0.3 to Vpain \'
Vuse Maximum supply voltage on USBPWR input 7 \"
Viatt Maximum voltage on BATT, BATTSENSE, PWRDETECTN 7 Vv
Vio Maximum supply voltage on Vg pin 7 \'%
Voo gc_?_lgﬂgs)on I/0 pins (SCL, SDA, RESETN, C32KHZ, 0310 Vig Vv

Pq Power dissipation self-limited

lsense Maximum current from SENSE to BATT 1 A
Tstg Storage temperature -55to0 150 °C
T; Maximum junction temperature 150 °C

Ria | Thermal resistance junction-ambient(") 45 °C/W
ESD | Electrostatic discharge (HBM human body model)(® 2 kV

Package's exposed pad is soldered to a copper pad on the PCB with multiple vias to the ground plane.

2. Human body model: 100 pF discharged through a 1.5 kQ resistor between two pins of the device, done for
all couples of pin combinations with other pins floating.

Table 3. Operating conditions
Symbol Parameter Value Unit
Vain Operating supply voltage on MAIN 42510 16 \
Vee Maximum voltage on EOCHG 16
Vuse Operating supply voltage on USBPWR 4251t05.5 \
Vio Operating supply voltage on VIO 1.451t0 3.0 \
Viatt Max voltage on BATT, BATTSENSE, PWRDETECTN 5.0 Vv
Vout Max voltage on VOUT BATT +0.7 \Y
Toper Operating free air temperature range -30 to 85 °C
6/34 ‘7_1




STw4102

Electrical characteristics

4 Electrical characteristics
Table 4. CC/CV charger - Vgper= 5V, Vpatr= 3.6V, Tamp = -30°C to 85° C (unless otherwise
specified)
Symbol Parameter Conditions Min | Typ | Max | Unit
Supply (Voper from MAIN or USB)
lcharger Main or USB input operating current 2 mA
IsTBY USBPWR input standby current Charge off 40 MA
Ibatt_sense BSENSE input current No charge 1 HA
Ipatt BATT input current No charge 25 HA
POR_IS+ Power ON reset threshold+ CVIS internal supply 22| 23| 24
POR_IS- Power ON reset threshold- CVIS internal supply 21|22 | 23
Voltage regulation
Veharge_acc Output voltage accuracy Tamp= 0°C to 85°C -1 +1 %
Rpower Power path resistance MAIN to BATT 0.6 Q
Batteryy Static battery overvoltage detection 455| 47 | 48 \
Batteryoyy hyst Static battery overvoltage hysteresis 100 mV
Current regulation
Viatt< Virickle
lirickle Trickle charge current Standard configuration | 30 | 60 | 100 mA
Factory OTP option 60 | 120 | 180 mA
Virickle Trickle to fast charge threshold Standard configuration | 2.8 | 29 | 3.0 \'%
Virickle_hyst Trickle to fast charge threshold hysteresis 100 mV
Icharge Main charge current range Internal path 100 1000 | mA
Icharge_acc Main charge current accuracy lcharge> S00mMA -15 +15 %
REG_CHGO[7..6]:
00 30 | 60 | 100 | mA
luse USB charge current 01 200 mA
10 400 | 500 | mA
11 0 mA
EOCHGi End of charge threshold % of current setting 10 %
EOCHGi, nys | End of charge threshold hysteresis % of current setting 5 %
Tregulation Regulated junction temperature 125 °C
Tsoftstart Soft start from trickle to fast charge 100 us
Ky_’ 7/34
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STw4102

Table 4. CC/CV charger - Vgper= 5V, Vpatr= 3.6V, Tamp = -30°C to 85° C (unless otherwise
specified) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
Watchdog
REG_WDOG[2,1]:
00 0.5 1 1.5 min
twatchdog Watchdog duration 01 75| 15 | 225 | min
10 15 | 30 45 min
11 30 | 60 90 min
Input/output pins
Veharger det Main charger supply voltage detection 24 | 25| 26 \
Main charger supply voltage detection
Vcharger_det_hys hysterisis 100 mvV
VUsB_ det USB supply voltage detection 24 | 25| 26 \
VUSB_det hys USB supply voltage detection hysteresis 100 mV
Volpowerdetect POWERDETECTN output capability lsink= 1T0MA 0.45 \%
- lsink= 10mA 0.5 Vv
VoleocHa EOCHG output capability L= 20mMA 11 Vv
larv_sink Driver sink current (If option enabled) 60 mA
Table 5. LDO - Viain= 6V, Tamp = -30°C to 85° C (unless otherwise specified)
Symbol Parameter Conditions Min | Typ | Max | Unit
Including line and load
LDOy LDO regulated output voltage regulation (up to 1A), 447 | 47 | 493 | V
Vinain > 6V
LDOpower th LDO power turn off threshold 68 | 72 | 7.5 \
LDOpower th hys | LDO power turn off threshold hysterisis 0.7 v
LDOpgrRr LDO power supply rejection ratio Up to 20kHz 50 dB
8/34 [S7]




STw4102 Electrical characteristics
Table 6. Battery monitor - Vy 4= 3.6V, T, = -30°C to 85°C (unless otherwise specified)
Symbol Parameter Conditions Min Typ Max Unit
POR_IS2+ | Power ON reset threshold+ CVIS internal supply 2.6 2.7 2.8 Vv
POR_IS2- | Power ON reset threshold- CVIS internal supply 25 2.6 2.7 \
Gas gauge A/D converter
Vos_gg Input offset voltage 40 v
Vin_gg Input voltage range -80 +80 mV
lad_gg Current consumption CG_ENA=1 90 HA
lodn_gg Current consumption in off mode CG_ENA=0 1 HA
lin Input current for ICG+ and ICG- 500 nA
LSBgg AD converter granularity (LSB value) |12 bits + 1 sign bit 23.5 [\
AcCramp gg | Accuracy at ambient temperature Efi;?glr;ﬁjﬁtor at1% 3 %
Battery voltage A/D converter
Vin_mon Input voltage range BATT voltage 1 5 Vv
Idd_mon Current consumption ADPOWERON=1 190 MA
lpdn_mon Current consumption in off mode ADPOWERON=0 1 HA
LSBon AD converter granularity (LSB value) szgis 1'543 mx
AcCramb_mon | Accuracy at ambient temperature No calibration 3 %
Digital I/0 pins (SCL, SDA, STDBY, C32KHZ, RESETN)
Vi Input pin low voltage 0 0.3x Vo
Vin Input pin high voltage 0.7x Vo Vio
Vo SDA output pin low voltage lsink= 3MA 02xVip| V
Ky_’ 9/34




Electrical characteristics STw4102
Table 7. I2C timing - Vio= 2.8V, Tymp = -30°C to 85° C (unless otherwise specified)
Symbol Parameter Conditions Min Typ | Max | Unit
Fscl SCL clock frequency 400 | kHz
thd sta Hold time (repeated) START condition 0.6 ps
tiow LOW period of the SCL clock 1.3 us
thigh HIGH period of the SCL clock 0.6 us
tsu dat Setup time for repeated START condition 0.6 ps
thd,dat Data hold time 0 0.9 us
. Rise time of both SDA and SCL signals o 300 | ns
1hp
. . 20+

t Fall time of both SDA and SCL signals 041G 300 ns
10p

tsu,sto Setup time for STOP condition 0.6 ps

Cp Capacitive load for each bus line 400 pF

Figure 2.  I2C timing diagram

bow " thgda
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Electrical characteristics

Typical performance curves

Figure 3. Charger voltage vs. charge current Figure 4. Charger voltage vs. charge current
(Main charge, 4.2V and 1A settings) (USB charge, 4.2V setting)
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Figure 8. USB standby input current vs. Figure 9. Battery standby current vs
temperature (charge disabled) temperature (no MAIN, no
USBPWR, gas gauge disabled)
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Figure 13.

Waveforms at USB plug-in
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Application schematics

Charge from USB or wall adapter

The MAIN input is used with either a wall adapter or a USB charger. The charge current can
be programmed to 100 mA or 500 mA max for use with a USB 2.0 port, or programmed to
the value set by the Rg; resistor for use with a wall adapter or a dedicated USB charger.
The USBPWR input is used only for charging from a USB port (100 mA or 500 mA max).

Figure 16. Charge using internal power devices
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Table 8. External component list
Name Typ. value Tolerance Comments
Rset 12k to 120k 1% Main charge current setting
Reg 30mQ 1% Gas gauge sense resistor
C1 1uF Internal supply decoupling capacitor
c2 1uF Internal voltage reference decoupling capacitor
When the battery is removed, a capacitor of at least
c3 0-1to 22uF 15uF is required for low ripple on the battery line.
C4 0.1 to 1pF MAIN input decoupling capacitor
C5 0.1to 1uF USBPWR input decoupling capacitor
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Application schematics

5.2

Charge currents higher than 1 Amp

One-time programming (OTP) options offer the ability to use an external power device or an

external sense resistor to handle charge currents higher than 1 A from the wall adapter.

These OTP options are set by STMicroelectronics at factory level.

Figure 17. Charge using external power devices
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Table 9. Component list for external power devices
Name Typ. value Tolerance Comments
Rset 8k to 12k 1% Main charge current setting
Rs 200mQ 1% External current sense resistor
T1or STT818B PNP transistor
M1 + D1 | STS2DPFS20V PMOS transistor with Schottky diode
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Using LDO regulator to supply telephone from wall adapter

The regulator with external power PMOS (M1) supplies the telephone while the battery is
discharged or unplugged. When the charger is unplugged, the phone is supplied by the
battery through Power MOS M2. A Schottky diode (D1) avoids reverse current.

Figure 18. Charge power path and regulator
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Table 10. Component list for LDO regulator
Name Typ. value Tolerance Comments
M1 + D1 | STS2DPFS20V PMOS transistor with Schottky diode
M2 STT5PF20V PMOS transistor
Co 10pF to 22uF An output capacitor Co of at least 10uF is required.
c4 Co An input capacitor C4 equal to or larger than Co is

required on MAIN input.
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Battery charger

6

6.1

Battery charger

Charge cycle

The charge cycle is initiated when the presence of a power source on either the MAIN or
USBPWR inputs is detected (the PWRDETECTN pin goes low), while the charger is
enabled by the CHG_ENA bit of the REG_CHG1 control register. If both supplies are
connected, the MAIN input path is selected.

The EOCHG output pin is driven low as the charge begins. If the battery voltage is lower
than the trickle threshold, the charge cycle begins in trickle mode with a low current (default
value: 60 mA) until the battery voltage reaches the trickle voltage threshold (default value:
2.9 V). Once the battery voltage rises above this threshold, the charger enters into fast
charge mode where the programmed charge current lgparge OF lysp is supplied to the
battery.

When the battery voltage approaches the programmable charge voltage (4.10V, 4.20V,
4.30V or 4.35V), the charger enters into a constant voltage charging mode and the charging
current decreases. When the current level reaches the end-of charge level (10% of Igharge)
the EOCHG status pin is switched off (open) to indicate that the battery is almost fully
charged, and the charger enters maintenance mode.

In maintenance mode, the charger continues to monitor the battery voltage to maintain the
battery voltage level. The maintenance mode lasts until the charge is stopped by clearing
the CHG_ENA bit in the REG_CHG1 control register, or by removing the power source
(PWRDETECTN is opened).

Figure 19. Charge flow (simplified)
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6.3
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Trickle charge

The trickle charge mode is enabled when the battery voltage V4 is lower than the trickle
voltage threshold V;ickie- An internal current source charges the battery. When V4 is
above Vyiies the trickle current generator is off and the battery is charged using the
constant current method.

The trickle voltage threshold and trickle current are defined by OTP configuration bits and
are factory set to 2.9 V and 60 mA by default. Other values are possible, see Section 9:
Factory OTP options on page 24.

Charging from a wall adapter

The MAIN input is used for charging from a wall adapter or a dedicated USB charger. The
SEL_DC_USB bit (bit 5 of register REG_CHGO0) must be set to 0. The fast charge current is
defined by the external resistor Rget connected to the ISET pin, and can be setupto 1 A.
The value of the fast charge current is given by the following formula:

lcharge = 12000 / Rget
In the constant voltage mode, the charger output voltage is regulated with 1% accuracy. The

charger output voltage is programmable using the REG_CHGO register, bits 3 and 4 (see
Table 11).

Table 11. Charger output voltage

REG_CHGO[4] REG_CHGO[3] Veharge
0 0 4.10V +/-1%
0 1 4.20V +/-1%
1 0 4.30V +/-1%
1 1 4.35V +/-1%

Figure 20. Main charge mode
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Battery charger

6.4

6.5

6.6

Charging from a USB port

The MAIN or USBPWR input can be used to charge from a USB 2.0 port. When using the
MAIN input, bit SEL_DC_USB (bit 5 of register REG_CHGO) must be set to 1. Charging
from a USB port is similar to charging from a wall adapter, except the fast charge current
lusg is set internally and depends on bits 6 and 7 of the control register REG_CHGO.

Table 12. USB charge current

REG_CHGO[7] REG_CHGO[6] lysg (typ)
0 0 60mA (100 mA max)
0 1 200mA
1 0 400mA (500 mA max)
1 1 off

Charging using external power devices

To support charge currents higher than 1 A from the main supply adapter, the STw4102
provides the option to use an external power device and sense resistor. This OTP option is
factory set.

The STw4102 driver is able to drive an external PNP (STT818B or equivalent) or a PMOS
plus Schottky diode (STS2DPFS20V or equivalent). The driver maximum sink current is
60 mA.

The external current sensing device is usually a 200 mQ shunt resistor. With this resistor
value, the trickle and USB charge currents are close to the nominal values.

Charge mode summary

Table 13 summarizes the different charge modes.

Table 13. Charge modes

Vv MAIN | USBPWR | CHG_ENA |SEL_DC_USB Charge
batt | detected | detected bit bit 9
X X 0 X Charge disabled
0 0 1 X No charge
under 1 X ] y Trickle charge from MAIN
Virickle 0 1 Trickle charge from USBPWR
1 0 Fast charge from MAIN input,
) current set by Rset
X
above 1 1 Fast charge from MAIN input,
Virickle current set by USB_ICHG bits
0 1 1 " Fast charge from USBPWR input,
current set by USB_ICHG bits

19/34
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Watchdog timer

When the fast charge is active, a watchdog timer starts to prevent damage on the battery.
The system controller refreshes the watchdog periodically in order let the charge continue.
When the watchdog time elapses, the charge is stopped.

When the charge starts in trickle mode, to allow the battery to be charged although the
system controller is not running, the watchdog is disabled. However, if for any reason the
charger goes from fast charge mode to trickle mode, then the watchdog is not disabled to
protect against battery failure.

Watchdog timing can be 1 minute, 15 minutes, 30 minutes or 60 minutes. It is programmable
through the 12C interface. The watchdog can be reset by the 12C interface (bit WDOG_RST)
or by unplugging the charger (PWRDETECTN goes to low). The watchdog can also be
enabled and disabled through the 1°C interface.

In the standard configuration, the default state at powerup is watchdog enabled and the
timing is one minute.

Thermal regulation

A thermal regulation circuit limits the charge current in case of high power dissipation due to
high input voltage or high ambient temperature. The charge current is progressively reduced
to maintain the die temperature in a safe area. This allows to charge the battery with the
highest possible current depending on the operating conditions, and protects the device
against any damage.
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7

Low drop-out regulator

The purpose of the low drop-out regulator (LDO) is to supply the phone directly from the wall
adapter when the battery is low or not present. When the wall adapter is present, MOSFET
is off and the phone supply is regulated at 4.7 V minus the drop voltage across D1. When
the MAIN pin is not connected, MOSFET M2 is on (the gate is pulled down) and the D1
diode avoids any reverse current. The LDO output current is limited by The M1 MOSFET
and D1 diode current capabilities. An output capacitor C,, of at least 15 pF is required. The
schematics are illustrated in Figure 21.

When the battery is fully discharged, the regulator can charge the battery from the main
supply and at the same time supply the phone, which avoids waiting for the battery to be
charged up to the minimum operating voltage before using the phone.

Figure 21. Regulator

Wall adapter power supply

Main suppl
LDODRV + PRy

LDOFB LDO 4.7V

[va | 4—— Battery power supply
l_:Llw_ Co >= 15uF

To phone

When the main supply is above the low dropout threshold LDOpgyer th (@bout 7.2 V), then
the LDO'is turned off to protect the external PMOS against high power dissipation as shown
in Figure 22. LDOpower th hysteresis is around 0.7 V. By default, this protection feature is
enabled, but can be disabled at factory level by OTP.

Figure 22. Supply voltage

A Main supply voltage

7.2V
6.5V|

47V /

/ ON ON

Main detec
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Gas gauge

The gas gauge is designed to monitor the battery capacity. A current sensing resistor
(typically of 30 mQ) is needed between the negative terminal of the battery and the ground.
The sensing resistor voltage drop is input to a 13-bit integrating AD converter. When a
conversion cycle is completed, depending on the output sign, the result is forwarded to the
charge or discharge 24-bit accumulator, and the number of conversions is incremented in a
12-bit counter.

One accumulator accumulates current flowing into the battery during charging and the other
accumulates discharge current during system operation. The remaining battery charge is
given by the difference between the charge and discharge accumulators.

Figure 23. Gas gauge block diagram
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From
ICG+ T AD converter o —
ICG- [~ 12 bits + sign bit to binary|

»

A A4 F°
v
cg_clock
cg_enable Control logic
cg_calibration
32KHz Control
registers

The Digital Base Band (DBB) can control, enable and read gas gauge data through 1°C
control registers. The DBB can read the value of the most recent conversion in two’s
complement format by reading the CONVDATA registers.

The RD_REQ bit enables the transfer of the charge/discharge accumulators and conversion
counter register. The transfer can take up to eight 32 kHz cycles, therefore a delay of
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approximately 250 microseconds must be respected between the time the RD_REQ bit is
set and the actual register reading. The RD_REQ bit is automatically cleared after the
transfer.

A high value written to the RST_CHRG, RST_DCHRG or RST_COUNTER bits of the
control register resets respectively the charge accumulator, discharge accumulator or
conversion counter. If these bits are set together with the RD_REQ bit, then the reset occurs
after the transfer to the charge, discharge or conversion counter register respectively. The
RST_CHRG, RST_DCHRG or RST_COUNTER bits are automatically cleared after the
reset.

The differential inputs are scaled to the full range of the AD converter, introducing a small
offset error. A high value written to the CG_CAL bit of the control register connects the
inputs of the AD converter together, allowing the DBB to measure the digital offset error.
Using this measurement, the gas gauge can be calibrated to reduce the offset error.

The conversion cycle of a 12-bit plus 1 sign-bit AD converter is 2'3 (8192) clock cycles.
Using the 32.768kHz RTC clock, the conversion cycle time is 250 ms. The LSB value is
23.54 uV, which corresponds to a current of 784.7 pA with a typical 30 mQ sense resistor.
Given a 250 ms conversion cycle time, this LSB value corresponds to a charge of 54.5 nAh.
Under these conditions, the 24-bit accumulator has a capacity of 914 mAh.

The gas gauge system is disabled when the battery voltage is below the Power On Reset
threshold (2.7 V), or when the RESETN pin is driven low (CG_ENA bit default value is 0).

During normal operation, either the STDBY pin or the CG_ENA bit can be used to disable
the gas gauge function. When the STDBY pin is low, the gas gauge is disabled without
waiting for the end of the current conversion. When the CG_ENA bit is low, the current
gauge is disabled at the end of the current conversion.

Battery voltage monitoring

The battery voltage can be measured by means of a 7- or 12-bit A/D converter. This function
is enabled and configured using the following bits of the ADCTRL register:

® The ADPOWERON bit enables battery voltage monitoring.

The ADRESOLUTION bit allows to select 7- or 12-bit conversion.

The ONSTATE bit is set when the ADC converter is ready.

The ADSTART bit starts a conversion; it is automatically cleared after writing.

The ADRUN bit indicates that a conversion is in progress. The result is available when
the ADRUN bit goes low, and it can be read in the ADDATA registers.

A high value written to the ADCAL bit of the control register connects the input of the A/D
converter to ground, allowing the DBB to measure the digital offset error. Using this
measurement, the AD converter can be calibrated to reduce the offset error.

The conversion cycle of a 7 (12) bit conversion is 28=256 (213=8192) clock cycles. Using the
32.768kHz RTC clock, the conversion cycle time is 7.8 (250) ms. LSB value is 45 (1.4) mV.

When the battery voltage falls below the Power On Reset threshold, or when the RESETN
input is driven low, the battery voltage monitoring function is disabled.
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9 Factory OTP options
Table 14 summarizes the one-time programming (OTP) options offered by
STMicroelectronics to customize the STw4102 at factory level.
Table 14. Factory OTP options
Option Configuration bits Value
TRICKLE current (wall adapter | OTP_TC=0 (default) 60 mA
charge only) OTP_TC=1 120 mA
OTP_TV1,OTP_TVO :
00 23V
TRICKLE threshold voltage 01 25V
10 2.7V
11 (default) 29V
. OTP_SEL_DC_USB=0 (default) Wall adapter mode
MAIN input mode at powerup | rp~gg| “pe_ USB-1 USB mode
Watchdog state at poweru OTP_WD_ENA=0 Disabled
9 P P |OTP_WD_ENA=1 (default) Enabled
OTP_WD_TIME1, OTP_WD_TIMEO :
00 (default) 1 min
Watchdog period at powerup | 01 15 min
10 30 min
11 60 min
Power switch OPT_IEPD=0 (default) Internal
OPT_IEPD=1 External
Sense resistor OPT_IERSENSE=0 (default) Internal
OPT_IERSENSE=1 External
LDO overvoltage protection OPT_LDOEXT_PRO=0 Disabled
gep OPT_LDOEXT PRO=1 (default) Enabled
OTP_ID2, OTP_ID1, OTP_IDO :
000 (default) 70h
001 71h
010 72h
I°C ID address 011 73h
100 74h
101 75h
110 76h
111 77h
For any option request other than the standard configuration (default values), contact
STMicroelectronics to get a specific order code.
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I2C interface

10.1 Read and write operations
The I2C interface is used to control the charging and the gas gauge system. It is compatible
with the 1C specification of Philips (version 2.1). It is a slave serial interface with a serial
data line (SDA) and a serial clock line (SCL):
SCL: input clock used to shift data
SDA: input/output bi-directional data transfers
A filter rejects the potential spikes on the bus data line to preserve data integrity. The bi-
directional data line supports transfers up to 400 kbit/s (fast-mode). The data is shifted into
and from the chip on the SDA line, MSB first.
The first bit must be high (START), followed by the Device ID and Read/Write control bit (see
Table 15). The AddrIDO to AddrID2 bits are factory programmable, their default ID value is
70h (AddrID0O = AddrID1 = AddrID2 = 0). Then, the STw4102 sends an acknowledge at the
end of the 8-bit transmission.
The next 8 bits correspond to the address register, followed by another acknowledge.
Table 16 shows the address register format.
The data field is sent last. It can be composed of several 8-bit data registers, each followed
by an acknowledge. Table 17 shows the data register format.
The STw4102 supports byte read, word read, block read, and byte write operations. The
transmission protocol is summarized in Figure 24 and Figure 25.
Table 15. Device ID and R/W bit format
b7 b6 b5 b4 b3 b2 b1 b0
1 1 1 0 AddrID2 AddrID1 AddrIDO R/W
Table 16. Address register format
b7 b6 b5 b4 b3 b2 b1 b0
RegAddr7 RegAddr6 RegAddr5 RegAddr4 RegAddr3 RegAddr2 RegAddr1 RegAddr0
Table 17. Data register format
b7 b6 b5 b4 b3 b2 b1 b0
DATA7 DATA6 DATAS DATA4 DATAS DATA2 DATA1 DATAO
Figure 24. Byte, word and block read operation
Master Slave
v v
Start| Device id W | A |Reg addresg A | Restart | Deviceid| o ( o [Regdata | A Reg data| A | Reg data | A/A | Stop
7 bits 8bits 7 bits 8bits 8bits 8bits
address address I
. . n+1 n+2
Start bit = SDAfalling when SCL=1
Stop bit = SDArising when SCL=1 <~ byte read -->
Restart bit = start after a start <-- word read (2 bytes) -————- >
Acknowledge = SDA force low during a SCL clock <=~ block read (up to 10 bytes) --------n-mroeoeoe >
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