JW3902

I°C Controlled, 2-3 Cells Battery
Boost Charger with Cell Balance

@ouLwart

Preliminary Specifications Subject to Change without Notice

DESCRIPTION

The JW®3902 is a highly integrated synchronous
switch mode boost charger for 2 or 3 cells Li-ion
or Li-polymer applications. It integrates battery
balance for 2 cells E-cigarette application. It can
charge the battery from an input range 3.6V to
5.5V, the input break down voltage is up to 20V.

The JW3902 supports I°C serial communication
interface to program charge current up to 3.15A
and program charge voltage up to 13.05V for
different portable applications. It also has a
programmable charge timeout for safety battery
charge operation and a programmable input
voltage threshold for adaptive input current limit.
Pre-charge current and charge
current can also be programmed through 1°C
interface.

termination

The JW3902 guarantees robustness with
adaptive input current limit, input over-voltage
protection, battery under-voltage and over voltage
protection, charging timeout, battery temperature
protection, watchdog timeout and. thermal
shutdown.

The JW3902 is available in QFN4x4-24 package.

Company’s Logois Protected, “JW” and “JOULWATT” are Registered
Trademarks of JoulWatt technology Inc.

FEATURES

Integrate Synchronous Boost Charger
Up to 20V Breakdown Voltage
3.6V to 5.5V Input Voltage Range
Support 2-3 Cells Battery Charge
Cell Balance Function for 2 Cells
Charge Parameter can be Programmed
through I1°C Interface
-Charge Current
-Charge Voltage
-Charge Timer
-Adaptive Input Current Limit
-Pre-Charge Current and Charge
Termination current
® Charge Status Indication
® Safety

—  Input Over-Voltage Protection

- Battery Under Voltage and Over-Voltage

Protection

-  Battery Temperature Protection

- Charging Timeout

- Watchdog Timeout

- Thermal Shutdown
® Ultra-Low Quiescent Current: <1uA
® Package: QFN4x4-24

APPLICATIONS

® E-Cigarette

® Blue Tooth Speaker Charger
® E-Joy
® POS Machine
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TYPICAL APPLICATION
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ORDER INFORMATION
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ABSOLUTE MAXIMUM RATINGY

VIN, SW, BD, BAT, MID, EN, NTC, STAT, FCHG.....ciiiiiii e -0.3V to 20V
IS I PRI -0.3Vto 7V
INT, SCL, SDA, BAL. ...t e et e e -0.3V to 7V
Junction Temperature?2( THMAX)).......cvovieeeeeeeeeeeeeeeeee e st en s -40°C to 150°C
LA TEIMPETALUIE .....eiiiiiieiiit ettt ettt e e e sttt e e s e et et ee e e s s aabbbeeae e e aanbsseeaessannbaeebebeeaeesannnbeneanaas 260°C
SLOrage TEMPEIAIUIE .. ...ttt ettt e e e e e e e e e e e e e et e e et e e eaeaaaaaaaaaeassaaaanns -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS®

INPUL VOIAGE VIN ...ttt e e e st te e e e e s snnbaeeeeaes e iRaR e eeeeeas 3.6V to 5.5V
Battery VOIAGE VBAT ...ttt ettt e e e st e e s e st bee e e e e e ensbeeenaae s e sesabae et s 0V to 13.5V
L1 =T o [ O T [ {1 o | SO P P S ST OA to 3.15A
Operation JUNCHON TEMIP (T3) «ueuiieiiiiiiriee e iiiiiee e e e e st rr e e e s ses e ee e s s sheeeeabeaeeeab eeees -40°C to +125°C
THERMAL PERFORMANCE® 6, O
L@ o N S SRR 48....3.5°C/W
Note:

1) Exceeding these ratings may damage the device. These stress ratings do not imply function operation of the device
at any other conditions beyond those indicated under RECOMMENDED OPERATIONF CONDITIONS

2) The JW3902 includes thermal protection that is intended to protect the device in overload conditions. Continuous
operation over the specified absolute maximum operating junction temperature may damage the device.

3) The maximum allowable continuous power dissipation at any ambient temperature is calculated by PD (MAX) =
(T3(MAX)-Ta)/B3a.

4) The device is not guaranteed to function outside of its operating conditions.

5) Measured on JESD51-7, 4-layer PCB.
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ELECTRICAL CHARACTERISTICS

Vin=5V, Vear=7.4V, T;=-40 C to 125 °C and T,=25 C for typical values (unless otherwise stated)
Condition
Charge mode
Input voltage Viy 3.6 55 \%
VIN under-voltage lock-out v V\ rising 3.65 \%
threshold MVLO v falling 3.55 Vv
VBAT under-voltage lockout Vpar rising 3.65 \
VBAT UvVLO -
threshold Vear falling 3.55 \Y
Quiescent current into BAT pin lo_ar EN=L, VIN=0V, Vgar=8V 0.6 uA
o VINDPM=4.4V(011b),
Input voltage limit threshold V\nbPm 4.4 \%
programmed by 12C
ICHG=1A(010100b),
1.0 A
) programmed by 12C
Charge current in CC charge phase lcne
ICHG=100mA(000010b),
100 mA
programmed by 12C
BATCV=8.15V(000b) 8.15 \Y,
BATCV=8.4V(001b) 8.4 \Y,
BATCV=8.5V(010b) 8.5 \Y
_ BATCV=8.7V(011b) 8.7 Y,
Battery voltage regulation target Vev
BATCV=12.23V(100b) 12.23 Y,
BATCV=12.6V(101b) 12.6 \Y,
BATCV=12.75V(110b) 12.75 \Y,
BATCV=13.05V(111b) 13.05 Y,
Battery full charge enable threshold Vol 97 %Vev
Battery recharge threshold Veechs VBAT falling 97 %Vev
Battery full charge deglitch time® teuL 500 ms
Charge termination current [S—_— ITERM=100mA(001b) 100 mA
The step length of charge current
: 6) lsrep 50 mA
increase
The step time of charge current
. 6) Lsrep 2 ms
increase
Trickle mode charge current Itry IPRECHG=100mA(001b) 100 mA
Top MOSFET on-resistance Rpsteon 20 mQ
Bottom MOSFET on-resistance Rosscon 40 mQ
Reverse block MOSFET Rosraon) 30 mQ
JW3902 Rev.0.11 JoulWatt® Proprietary Information. Patent Protected. 5
2021/01/07 Unauthorized Photocopy and Duplication Prohibited.

This document contains information of a product under development.

Joulwatt reserves the right to change this product without notice.



on-resistance
FSW=500kHz(00b) 500
) FSW=750kHz(01b) 750
Switch frequency fow kHz
FSW=1MHz(10b) 1000
FSW=1.5MHz(11b) 1500
Vin=5V, Vcv<9V, 2 cells,
o 5.6 \Y,
VBaT rnsing
Vin=5V, Vcv<9V, 2 cells,
) 55 \Y,
VBaT falllng
Trickle mode battery threshold Vig
VBat=5V, Vcv>9V, 3
- 8.4 Vv
cells, Vgar rising
VBAT=5V, Vcv>9V, 3
) 8.3 \Y,
cells, Vgar falling
o TREG_SEL=0b 130 °C
Thermal regulate threshold® Teee
TREG_SEL=1b 145 °C
Maximum sink current on STAT pin
. Isink 5 mA
and FCHG pin
Battery Balance
The Discharge MOS On Resistance RaaL 8 Q
BAL_START=3.7V(0b) 3.7 \
Cell balance start voltage Vaast
BAL_START=4.05V(1b) 4.05 \Y,
BAL_DIFF=30mV(0b) 30 mvV
Balance Threshold AV g
BAL_DIFF=40mV(0b) 40 mV
Balance time® tant 1 s
Charging stop voltage during battery BAL_CHGSTOP=4.1V(0
VhesTop 4.1 \Y
balance 0b)
Protection
VIN rising 6.5
VIN Over voltage threshold Vin_ovp \Y,
VIN falling 6.2
N;I'CL_SEL [1:0] = 01b 73.2%
0°C
Recovery 5°C 68.8%
I_\IS'EgL_SEL [1:0] = 10b 77.2%
NTC under temperature threshold NTC_L ViN
Recovery 0°C 73.2%
NTCL_SEL [1:0] = 11b
-10°C 80.9%
Recovery -5°C 77.2%
NTCH_SEL [1:0] = 01b
45°C 32.9%
NTC over temperature threshold NTC_H Recovery40°C 36.8% ViN
NTCH_SEL [1:0] = 10b
55°C 26.1%
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JW3902

Recovery50°C 29.4%
lgl(')ro%H_SEL [1:0] = 11b 23.9%
Recovery55°C 26.1%
CHG_TIMER=00b
(Disable) Default
Charge time-out period® teHe CHG_TIMER=01b 6 h
CHG_TIMER=10b 12
CHG_TIMER=11b 24
Charge time-out period in trickle
6) tere_Tc 20% teng
mode
Thermal shutdown threshold Tshut Tregt+20 °C
Over temperature hysteresis Tot_Hvs 20 °C
Watchdog time-out period® two 20 s
Battery under-voltage threshold to VBAT falling,
. VBat_uvp 3.0 \Y,
disable battery balance BAL_SEL=10b
VBAT rising, as
percentage of battery 102 104 106 %Vev
voltage regulation target
Battery over voltage threshold VeaT_ovp
VBAT falling, as
percentage of battery 100 102 104 %Vcv
voltage regulation target

Notes:

6) Guaranteed by design.
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PIN DESCRIPTION

Pin No. Name Description
1 SCL 12C interface serial clock pin, logic level input.
2 SDA I°C interface serial data pin, logic level input/output.
3 AGND Analog ground
4 MID Battery balance pin.
5-7 BAT Battery input pin, connect to battery positive node to detect the battery voltage
8-10 BD Boost output pin.

Battery balance setting.

Connect a resistor less than 100k from this pin to GND to disable battery
11 BAL balance function.

Connect a resistor larger than 150k from this pin to GND to enable battery
balance function.

12 PGND Power ground
13-16 SW Switching node. Connected to inductor.
17 BST High side driver positive supply. Internally, the BST pin is connected to the cathode
of the boost-strap diode. Connect the 0.1uF bootstrap capacitor from SW to BST.
18 STAT Charge status pin output. Logic High indicates charge is in progress. Logic Low
indicates charge is complete. When charge fault occurs, the stat pin blinks at 1Hz.
19 FCHG Full charge LED driver.
20 VIN Input pin.
21 NC No connection.
22 NTC Temperature qualification voltage input pin.
23 EN Chip enable pin.
Open-drain interrupt output. Connect the INT to a logic rail through 4.7kQ resistor.
24 INT The INT pin sends an active LOW, 512us pulse to host to report charger device
status and fault.
25 PGND Exposed pad, power ground.
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BLCOK DIAGRAM
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FUNCTIONAL DESCRIPTION

JW3902 is a highly integrated synchronous
switch mode boost charger for 2 or 3 cells Li-ion
or Li-polymer applications. It integrates battery
balance for 2 cells E-cigarette application. It can
charge the battery from an input range 3.6V to
5.5V, the input break down voltage is up to 20V.
Integrated reverse block MOSFET can
disconnect output when output short circuit or
shutdown happens. The programmable
switching frequency (set by FSW bits in REG02
register) is beneficial to optimization of circuit
design and the default frequency is 1IMHz.

I°C interface is available for the chip to provide
flexible system solutions, through which user
can program the charging current, charging
voltage, charge timeout, input voltage threshold,
pre-charge current, charge termination current
and other parameters easily. User can refer to
the register map for detailed information.

Operation Status Description

The JW3902 has two open-drain output pins
(STAT Pin, FCHG Pin) for describing charge
status. Current limit resistors and LEDs from
VIN to these pins can realize the above function
eastly.

When charge is in progress, the STAT pin output
LOW and the FCHG output high-impedance
state.

When charge is completed or charger is in sleep
mode, the STAT pin is output high-impedance
state and the FCHG output LOW.

When charge suspend at fault condition, the
STAT pin blinks at 1Hz and the FCHG output
high-impedance state.

Shutdown mode

The chip is in shutdown mode when the battery
is present, EN is pulled low and input voltage
Vi is lower than Viy_uvio. In this mode, the chip
stops switching and disables all the modules for
minimum quiescent current less than 1uA from
the battery.

IDLE mode

The chip enters into IDLE mode when the
battery is present and
(EN=H&V\<Vin uvio)| (EN=L&V\>ViN uvio). I
this mode, the chip stops switching and all
modules except I°C, MCU can access registers
by I°C.

Charge mode

The chip enters into charge mode when the
battery is present, EN is logic high and
VIN_PRESENT bit in REGO6 register is set to 1.
When V, is higher than Vi yvio(3.65V),
VIN_PRESENT bit in REGO06 register will be set
to 1, and the chip outputs an INT interrupt pulse
to inform MCU. When VIN_PRESENT=1 and
Vin < Vin_ove, the chip sets ACOK bit in REG06
register to 1. IF ACOK=1 and EN_CHG bit in
REGO04 register is set to 1, the device starts
switching and charges the battery on trickle
charge, constant current charge, constant
voltage charge and charge termination
according to the battery voltage. The charge
profile is shown in the figure below.
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Figure 1. Charge profile

Battery Charging Management
Trickle Charge

When the battery voltage is lower than trickle
charge threshold Vqg,, the device charges the
battery in trickle mode. In this phase, the trickle
charging current |y, is set by IPRECHG bits in
REGO2 register.

For 2 cells battery application:

Vg = max(5.6V, n*Vy), n =1.1 when switching
frequency f <1 MHz and n =1.2 when switching
frequency f >1 MHz.

For 3 cells battery application:

Vg = max(8.4V, n*Vy), n =1.1 when switching
frequency f <1 MHz and n =1.2 when switching
frequency f >1 MHz.

Constant Current (CC) Charge

When the battery voltage is higher than the
trickle charge threshold Vg, the device always
charges the battery in constant current charge
threshold Icc if the input current is sufficient.
When input current limit is hit, the device
reduces the charge current automatically. In this
phase, the device charges the battery with Icc
set by ICHG bits in REGOL1 register.

Constant Voltage (CV) Charge

When the battery voltage reaches constant
voltage charge Vcy, the device regulates the
battery voltage and reduce the charge current

automatically. In this phase, the battery charge
voltage Vcy for 2 or 3 cells is set by BATCV bits
in REGOO register.

Charge Termination

When battery voltage is higher than
Veu(97%Vey) and the charge current is less
than charge termination current ltgry (decided
by ITERM bits in REGO02 register) - for
truLL(500ms), the charge process terminates.

Recharge

When charge process terminates, the battery
voltage may drop slowly due the leakage or
operation current from the battery. Once the
battery voltage drops below 97% of the setting
voltage Vey, the chip resumes switching to
recharge the battery.

Adaptive Input Current Limit

If the output current of the adapter is limited, it
may crash when the current drawn by the
charger is higher than its output current
capability. The JW3902 supports adaptive input
current limit function to solve problem.

The allowed minimum input voltage can be set
in VINDPM bits in REGO0 register. When the
input voltage is pulled down to the setting
threshold, due to the limited output current
capability of the adapter, the chip reduces the
charging current automatically to regulate the
input voltage at the setting threshold and
prevent the adapter from crashing.

Thermal Regulation Control

The JW3902 integrates temperature loop to
avoid chip temperature rising too much. When
the junction temperature of the device reaches
Trec Which is set by THEG_SEL bit in REG04
register, the chip sets THERMAL_STAT bit in
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REGO06 register to 1 and reduces the charge
current in order to prevent further increase in
chip temperature.

Soft Start

The JW3902 features soft start function to avoid
any current or voltage inrush during the start
process.

When the device works in charge mode, it will
increase battery charging current from 0 to the
setting value with default rate of 50mA/2ms,
during the start process, and it decreases
battery charging current directly without soft
state function.

Similarly, when the following condition occurs,

charge current soft starts up to the presetting

value.

1) Charge-cycle starts up;

2) MCU turns up the charge current;

3) Charge current turn up from trickle charge to
CC charge;

4) Charge cycle restarts when faults are
removed or recharge occurs,

TSoft-Start T Soft-Up

Figure 2. Charge current soft start

Adapter Attachment / Detachment /
Over-voltage Indication

When VIN pin is connected to the adapter input
port as shown in the typical application circuit,
the JW3902 can detect the adapter
attachment/detachment/over-voltage event.

When the voltage of VIN pin rises above
Vin_uvio rising threshold, the VIN_PRESENT bit

in REGO6 register is set to 1 and the chip
outputs an INT interrupt pulse to inform MCU,;
when the voltage of VIN pin falls below V\y_yvio
falling threshold, the VIN_PRESENT bit is
cleared.

When the voltage of VIN pin rises above Viy_ovp
rising threshold, the ACOK bit in REGO6 register
will be cleared, and VIN_OVP bit in REGO7
register is set to 1; when the voltage of VIN pin
falls below Vi ove falling threshold, the ACOK
bit is set to 1, and VIN_OVP bit is cleared.

Cell-Balance

The JW3902 integrates cell-balance for 2 cells
application. The chip activates the cell-balance
function depending on the voltage Vga. On BAL
pin. If Vg is logic low (Rga<100k), the
cell-balance is disabled; if Vga. is logic high
(ReaL>150k), the cell-balance is enabled, and
the chip works on auto balance, host balance or
disable balance according to BAL_SEL bits in
REGO3 register.

Auto Balance

Only when JW3902 enters into charge mode
and BAL_SEL=01b, the chip can work on auto
balance. The device keeps monitoring each cell
voltage. Once it detects that one or two cells
voltage are above cell balance start voltage
Veast (decided by BAL_START bit in REG05
register) and the voltage difference Vpire
between two cells is above Balance Threshold
AVcg(set by BAL _DIFF bit in REGOS5 register),
it turns on the cell discharging path for the
higher voltage cell lasting for 1s. Then if Vpre
detected by the device is below AVcg,, the
chip turns off the cell discharging path,
otherwise it repeats the above discharging and
detecting process.

Whichever cell voltage is above charging stop
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voltage Vchestop (set by BAL_CHGSTORP bit in
REGO05) during cell-balance, the chip stops
charging. Only when cell-balance is disabled or
both the two cells voltages are below Vchsstop,
the device soft starts up and charges.

Host Balance

when BAL_SEL=10b, the chip can work on host
balance. This mode requires MCU to detect
each cell voltage, turn on the corresponding cell
discharging path for the higher voltage cell by
setting BAL_BAT bits in REGO03 register.

In host balance mode, whichever cell voltage
drops below Vgar uve, the chip turns off the
corresponding cell discharging path and clears
the corresponding BAL_BAT bit which cannot
be set to 1 before protection removing, in order
to forbid the under-voltage cell’s host balance.
The other no under-voltage cell’'s host balance
function is unaffected.

Prohibition of Balance

When BAL_SEL=00b, the chip works on
prohibition of balance, and invalid writes
BAL_BAT bits in REGO3 register. If the battery
charge voltage is set above 12V, the device
clears BAL_SEL bits automatically.

When NTC or TJ_OTP. protection occurs, both
automatic and host balance are suspended.

Protection

The . JW3902 guarantees robustness with
comprehensive  protection, including input
over-voltage protection, battery under-voltage
and over voltage protection, charging timeout,
battery temperature protection, watchdog
timeout and thermal shutdown.

All the protections triggered in charge mode can
be resumed automatically, when the faults are

removed.
Input Over-Voltage Protection (VIN_OVP)

When the voltage of VIN pin rises above Viy ovp
rising threshold, the chip stops switching and
sets both VIN_OVP bit in REGO7 register and
VIN_OVP_INT bit in REGO9 register to 1; when
the voltage of VIN pin falls below V|y_ovp falling
threshold, VIN_OVP bit is cleared and the
device soft starts up to the presetting value; the
VIN_OVP_INT bit can be cleared by writing 1 to
itself.

Battery Under-Voltage Protection (BAT_UVP)

In host balance mode, whichever cell voltage
drops below Vgar yve, the chip turns off the
corresponding cell discharging path and clears
the corresponding BAL_BAT bit which cannot
be set to 1 before protection removing, in order
to forbid the under-voltage cell’s host balance.
The other no under-voltage cell’'s host balance
function is unaffected.

Battery Over-Voltage Protection (BAT_OVP)

In 3 cells application or 2 cells application which
disable cell balance function(BAL_SEL bits in
REGO3 register is set to 00b), if the total battery
voltage rises above Vgar ove rising threshold,
the chip stops switching and sets both
BAT_OVP bit in REGO07 register and
BAT_OVP_INT bit in REGO09 register to 1; when
the total battery voltage falls below Vgar ove
falling threshold, BAT_OVP bit is cleared and
the device soft starts up to the presetting value;
the BAT_OVP_INT bit can be cleared by writing
1 to itself.

In 2 cells application which enable cell balance
function (BAL_SEL # 00b), whichever cell
voltage rises above charging stop voltage
VchesTop (set by BAL_CHGSTOP bit in REG05)
during cell-balance, the chip stops switching
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and sets both BAT_OVP bit in REGO7 register
and BAT_OVP_INT bit in REGO09 register to 1;
when every cell voltage falls below Vi ovp
falling threshold, BAT_OVP bit is cleared and
the device soft starts up to the presetting value;
the BAT_OVP_INT bit can be cleared by writing
1 to itself.

NTC Protection (NTC_FAULT)

For battery protection during charge mode, the
device monitors the battery temperature through
NTC pin. When the voltage of the NTC pin is
outside the thresholds, the charge progress is
suspended. In additional, STAT pin blinks at
1Hz to inform fault condition. Once temperature
returns within thresholds, the charge is
recovered.

A 10k 103-AT thermistor is needed to be
connected between NTC pin and GND for NTC
protection. The thresholds of NTC protection
can be set by NTCH_SEL bits and NTCL_SEL
bits in REGO03 register.

When the NTC resistor voltage is outside of the
setting temperature thresholds, the chip stops
switching and sets NTC_FAULT bit in REGO7
register to 1. If the chip is in‘'charge mode, it can
resume switching and clear the NTC_FAULT bit,
when the NTC voltage is within the thresholds
again.

Charging Timeout (CHG_FAULT)

When working in charge mode, the JW3902
uses an internal timer to terminate the charging
process, once the time it stays in charge mode
exceeds the value set by CHG_TIMER bits in
REGO1 register.

Once the chip enters into charge mode, the
timer starts working. When the timer is expired,
the chip stops switching and sets CHG_FAULT
bit in REGO7 register to 1.

When the charge timer is expired, it can be
reset by writing 1 to TIMER_RST bit in REG05
register. Once the charge timer is reset, the
CHG_FAULT bit is cleared automatically and
the chip resumes switching and soft starts up.

When the chip exits charge mode (EN_CHG
bit=0b or EN pin=logic low or ICHG bits=0) or
enters into IDLE/shutdown mode from charge
mode, the timer stops and is reset automatically,
and the CHG_TIMEOUT bit is cleared as well.
When the CHG_STAT bits in REGO6 is set to
11b, the timer also stops and is reset
automatically.

There are two following points should be noted.
Firstly, if the device stops charging because of
protection, the timer is reset automatically and
continues timing. Secondly, the timer can be
reset by setting TIMER_RST=1, but it doesn’t
stop counting.

Watchdog Timer (WD_FAULT)

The JW3902 offers a watchdog timer to ensure
the reliability of 12C communication. Once the
watchdog timer is expired(20s), the chip stops
switching, resets related registers and sets
WD_FAULT bit in REGO7 register to 1. The fault
can be removed by a writing 1 command to
WD_RES bhit in REGO5 register, then the chip
resumes switching and soft starts up. Whenever
writing 1 to WD_RES bit, the watchdog timer
can be reset.

The watchdog timer only works in charge mode.
When the chip enters into IDLE mode, the timer
stops and is reset.

Thermal Shutdown (TJ_OTP)

When the junction temperature continues rising
above Tsyut, the device enters into thermal
shutdown mode, in which it stops switching and
sets both TJ_OTP bit in REGO7 register and
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TJ_OTP_INT bit in REGO8 register to 1. If the
device is in charge mode, it can resume
switching clear TJ_OTP bit, when the junction
temperature drops below Tsnput-20°C.
TJ_OTP_INT bit is cleared by writing command
1 to itself.

When the chip enters into IDLE mode, the fault
is removed automatically, and TJ_OTP bit is
cleared as well.

I12C Interface

The JW3902 integrates an I2C interface to
provide flexible solutions for different
applications. The JW3902 always works as a
salve module with a 7-bit address 0x6B
(110_1011xb). The integrated 12C interface
supports both standard mode (up to 100kbps)
and fast mode (up to 400kbps).

To ensure the reliability of the communication,
after the chip is powered up or EN pin is toggled
from low to high, the host must wait for at least
1ms before sending any I°C command.

Start and Stop Conditions

A HIGH to LOW transition on SDA line while
SCL is HIGN defines a START condition, and a
LOW to HIGH transition on SDA line while SCL
is HIGH defines a. STOP condition.

START STOP
CONDITION CONDITION

Figure 3. START and STOP conditions

The START and STOP conditions can only be
sent by the master.

Data Validity

SDA

SCL | |

Data line stable; Change of data
Data valid allowed

Figure 4. Data validity

The data on SDA line must be stable during the
HIGH period of the SCL, unless a START or
STOP condition generated. The HIGH or LOW
state of SDA line can only change when the
clock signal on SCL line is LOW.

Byte Format

START ACKNOWLEDGE
FROM SLAVE

Figure 5. Data transfer on the 12C bus

Each byte on the SDA line must be 8 bits long.
The number of bytes to be transmitted per
transfer is unrestricted. Each byte has to be
followed by an Acknowledge bit. Data is
transferred with the Most Significant Bit (MSB)
first. If a slave cannot receive or transmit
another complete byte until it has performed
some other function, it can hold the clock line
SCL LOW to force the master into a wait state
(clock stretching). Data transfer then continues
when the slave is ready for another byte of data
and release the clock line SCL.

Acknowledge (ACK) and Not Acknowledge
(NACK)

The acknowledge takes place after each byte.
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The acknowledge bit allows the receiver to
signal the transmitter that the byte was
successfully received and another byte can be
sent. All  clock pulses, including the
acknowledge 9™ clock pulse, are generated by
the master.

The transmitter releases the SDA line during the
acknowledge clock pulse so the receiver can
pull the SDA line LOW and it remains stable
LOW during the HIGH period of this clock pulse.

When SDA remains HIGH during the 9™ clock
pulse, this is the Not Acknowledge signal. The
master can then generate either a STOP to
abort the transfer or a repeated START to start a
new transfer.

Slave Address and Data Direction Bit

After the START, a salve address is sent. This
address is 7 bits long followed by the eighth bit
as a data direction bit (bit R/W). A zero indicates
a transmission (WRITE) and a one indicates a
request for data (READ).

Single Read and Write

The device supports single read and write.

Single Write
1 11 11 8 (| 8 I 1111
Slave Reg Data to
| S | Addr | 0 |ACK| Addr |ACK| Addr |ACK| P|
Single read
|1 7 11 11 8 | 1111
Reg

Slave
s | Save | o [ack| Rs8 [ack|s|

| 7 11 11 8 I 1 111
|Slave

Addr | 1 |ACK| Data |NACK| P|
|:| Driven by master

|:| Driven by slave

Figure 6. Single read and single write

Multi-Read and Multi-Write

The device supports multi-read and multi-write.

Multi write
11 7 | 11 8 | 11

11 | 8
Slave Reg Data to
| S| Addr | | K| Addr |ACK| Addr |ACK|
T 8 11 1 8 | 1/l1l
| Data to |ACK| ______ | Data to |ACK| P |

Addr + 1 Addr + N

Multi read
I 11 7 11 11 8 | 1111 8 11l

Slave Reg Slave
|5| Addr | 0 |ACK| Addr |ACK| 5| Addr | 1|
@ 8 111 8 | 11
| Ack| JDat | ACK| - gate ACK|

@Addr Addr+1

8 | 1 I1]
...... Data
@Addr+N NA°K| P|

|:| Driven by master |:| Driven by slave

Figure 7. Multi read and multi write

Interrupt

When any bit in REGO8 register changes from 0
to 1. The chip sends an active low, 0.512ms
pulse at INT pin to inform the host, as shown in
the figure below.

0.512ms

Y

Figure 8. Interrupt pulse at INT pin

User can disable the interrupt output of any bit
by setting its corresponding bit in REGO09
register to 0. When the enable bit is cleared, the
corresponding status bit is still set, but the chip
does not send an interrupt pulse at INT pin.
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JW3902 JoulWatt
REGISTER MAP
Register Address Reset Value
REGO00 0x00 0x2C
REGO01 0x01 0xD8
REGO02 0x02 0x89
REGO03 0x03 0x51
REGO04 0x04 0x64
REGO05 0x05 0x00
REGO06 0x06 0x00
REGO7 0x07 0x00
REGO08 0x08 0x00
REG09 0x09 OxFF
REGOO
BIT NAME POR Type Reset Description Comment
7 BATCV [2] 0 W/R 000 - 8.15V
6 BATCV [1] 0 WI/R 001 — 8.4V
Battery voltage regulation target
010 - 8.5V
By POR selector
011-8.7V
By REG_RST Default 8.4V, BATCV=001
100 — 12.23V
5 BATCV [0] 1 W/R By Watchdog VIN_PRESENT=0 Clear it to
101 -12.6V
default value
110 -12.75V
111 -13.05V
4 VINDPM [2] 0 W/R 400mV Input voltage limit threshold
VINDPM [1 1 W/R selector
3 [1] / By POR 200mV
Offset: 4.1V
By REG_RST
Default value 4.4V
2 VINDPM [0 1 W/R | ByWatchdog
[0] 100mv VIN_ PRESENT=0 Clear it to
default value
1 Reserved 0 R NA
0 Reserved 0 R NA
REGO1
BIT NAME POR Type Reset Description Comment
7 CHG_TIMER [1] 1 W/R By POR 00 - Disable charge | Charge time-out timer
6 CHG_TIMER [1] 1 WI/R By REG_RST | timer Default Default: 24hrs
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By Watchdog | 01 —6 hrs VIN_PRESENT=0 Clear it to
10-12 hrs default value
11 - 24 hrs
5 ICHG [5] 0 W/R 1600mA Programmable charge current
4 ICHG [4] 1 W/R 800mA selector
3 ICHG [3] 1 WI/R 400mA Offset: OmA
2 ICHG [2] 0 W/R By POR 200mA Range: 0~3.15A;
1 ICHG [1] 0 W/R By REG_RST | 100mA Default value: 1200maA,
By Watchdog ICHG=0x18; LSB = 50mA
VIN_PRESENT=0 Clear it to
0 ICHG [0] 0 W/R 50mA
default value
ICHG=0, stop charging
REGO02
BIT NAME POR Type Reset Description Comment
7 FSW [1] 1 W/R System switching frequency
00 — 500KHz
6 selector
By POR 01 = 750KHz
Default: 1MHz
FSW [0] 0 W/R By REG_RST | 10 - 1MHz
VIN_PRESENT=0 Clear it to
11 - 1.5MHz
default value
5 ITERM [2] 0 RIW By POR 200mA Termination Current selector
4 ITERM [1] 0 RW. | ByREG_RST | 100mA Offset: SOmA
h Default: 100mA
By Watchdo
3 ITERM [0] L RAY y 9 | S0mA VIN_PRESENT=0 Clear it to
default value
2 IPRECHG [2] 0 RW By POR 200mA Pre-charge Current selector
1 IPRECHG [1] 0 RW | ByREG _RST | 100mA Offset: S0mA
h Default: 100mA
By Watchdo
0 IPRECHG [0] L RIW y g | 50mA VIN_PRESENT=0 Clear it to
default value
REGO03
BIT NAME POR Type Reset Description Comment
7 NTCH_SEL [1] 0 W/R NTC over temperature threshold
00 — disable
selector
By POR 01-457TC
Default: 45°C
6 NTCH_SEL [0] 1 W/R By REG_RST | 10-55T
VIN_PRESENT=0 Clear it to
By Watchdog | 11 -60TC
default value
5 NTCL_SEL [1] 0 WI/R 00 — disable NTC under temperature threshold
JW3902 Rev.0.11 JoulWatt® Proprietary Information. Patent Protected. 18

2021/01/07

Unauthorized Photocopy and Duplication Prohibited.

This document contains information of a product under development.

Joulwatt reserves the right to change this product without notice.




JW3902

01-0C selector
10--5C Default: 0°C
4 NTCL_SEL [0] 1 WIR
11 --10C VIN_PRESENT=0 Clear it to
default value
Default: turn off BAT1 Balance
0 — turn off BAT1
Cell 1 undervoltage, the bit
Balance
3 BAL_BAT1 0 W/R cleared automatically;
1 —turn on BAT1
BAL_SEL=00b, the bit cleared
Balance
automatically
Default: turn off BATO Balance
0 — turn off BATO
Cell 0 undervoltage, the bit
Balance
2 BAL_BATO 0 W/R cleared automatically;
1 —turn on BATO
BAL_SEL=00b, the bit cleared
Balance
automatically
1 BAL_SEL [1] 0 WIR 00— Disable
Balance Default: Auto Balance
01 — Auto Balance Decoder logic low or battery
0 BAL_SEL [0] 1 W/R 10 — Host control charge voltage above 12V clear
Balance the bit automatically
11 — Reserved
REGO04
BIT NAME POR Type Reset Description Comment
7 Reserved 0 R NA
6 EN_CHG 1 R/W 0 — Charge Disable | Default: Charge Enable
1 — Charge Enable VIN_PRESENT=0 Clear it to
By POR default value
By REG_RST | 0 - Disable Full charge enable bits
By Watchdog | full-charge detect Default: Enable
5 EN_TERM 1 WIR
1 - Enable VIN_PRESENT=0 Clear it to
full-charge detect default value
0 — Disable
By POR watchdog timer Watchdog timer enable bit
4 EN_WD 0 WIR
By REG_RST | 1 - Enable Default: Disable
watchdog timer
3 EN_TMR2X 0 R/W By POR 0 — Disable Default: Disable
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By REG_RST | 1 - Safety timer VIN_PRESENT=0 Clear it to
By Watchdog slowed by 2X during | default value
input VINDPM or
thermal regulation
Charge temperature loop
threshold selector
0-130C
2 TREG_SEL 1 W/R Default: 145°C
1-145C
VIN_PRESENT=0 Clear it to
default value
1 Reserved 0 R NA
0 Reserved 0 R NA
REGO5
BIT NAME POR Type Reset Description Comment
By POR 0 — 30mV Balance voltage difference
1 —40mV. threshold selector
7 BAL_DIFF 0 | wr | BYREG_RST
Default: 30mV
By Watchdog
BAL_CHGSTOP 00 — 4.1V
6 0 WIR By POR ' Charging stops voltage threshold
1] 01 — 4.05V _
By REG_RST during battery balance
BAL CHGSTOP 10 - 4.0v Default: 4.1V
5 o | wr | ByWatchdog |49 37y
[0]
By POR Automatic balance starts voltage
4 BAL START 0 W/R By REG_RST 0-3.7v threshold during charging
- 1-4.05v
Default: 3.7V
By Watchdog efault: 3
3 Reserved 0 R NA
Write command 1 to reset charge
2 TIMER_RST 0 W/R By POR timeout timer and clear
CHG_FAULT bit
Write command 1 to reset
1 WD_RST 0 W/R By POR watchdog timer and clear
WD_FAULT bit
Write command 1 to reset all
0 REG_RST 0 WI/R By POR
register
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REGO06
BIT NAME POR Type Reset Description Comment
7 CHG_STAT[1] 0 R 00 — Not charge
01 — Trickle charge
phase
NA 10 — CC charge Charge status description bits
6 CHG_STATI[O0] 0 R
phase
11 — Charge
termination
0 — VIN not DPM
5 VINDPM_STAT 0 R NA Input voltage limit flag
1 - VINDPM
0 — Not thermal
regulate
4 | THERMAL_STAT 0 R NA Temperature loop flag bit
1 - Thermal
regulate
0 — adapter not OK | VIN_PRESENT=1&Vn<ViN_ovp
3 ACOK 0 R
1 — adapter OK for 30ms
0 - VIN is not
2 VIN_PRESENT 0 R By POR present VIN>VIN_UVLO for 256ms
1 - VIN is present
1 Reserved 0 R
0 Reserved 0 R
REGO7
BIT NAME POR Type Reset Description Comment
VIN over-voltage protection flag
0 — VIN not over
bit
7 VIN_OVP 0 R voltage
1. Fault removed clears the bit
1 - VIN over voltage
automatically;
By POR 0 — Junction Chip over-temperature protection
temperature OK flag bit
6 TJ_OTP 0 R
1 — Junction over 1. Fault removed clears the bit
temperature automatically;
5 NTC_FAULT 0 R 0 — NTC thermistor | Battery temperature-protection
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voltage OK
1 — NTC thermistor

voltage over range

flag bit

1. Fault removed clears the bit
automatically;

2. Forbidding NTC clears the bit

automatically;

0 — BAT not over

Battery over-voltage protection

voltage flag bit
4 BAT_OVP 0 R
1 - BAT over 1. Fault removed clears the bit
voltage automatically;
Charge timeout fault flag bit
1. Writing 1 to TIMER_RST
0 — Charge timer Clears it to 0;
3 CHG_FAULT 0 R OK 2. _Forbidding charge timeout
1 — Charge timeout timer clears it to O;
3. EN=0 or EN_CHG=0 or IDLE
mode clears it to O;
Watchdog overflow fault flag bit
0 — Normal Default 1.  Writing 1 to WD_RST Clears it
2 WD_FAULT 0 R 1 - Watchdog timer to 0;
expiration 2. Forbidding watchdog timer
clears it to O;
1 Reserved 0 R
0 Reserved 0 R
REGO08
BIT NAME POR Type Reset Description Comment
VIN over-voltage protection
0 — VIN not over
interrupt request flag bit
7 VIN_OVP_INT 0 W/R voltage
Writing 1 to VIN_OVP_INT Clears
1 - VIN over voltage
itto 0
By POR
0 — Junction
By Chip over-temperature protection
temperature OK
6 TJ_OTP_INT 0 W/R REG_RST interrupt request flag bit
1 — Junction over
Writing 1 to TJ_OTP Clearsitto O
temperature
0 — NTC thermistor | Battery temperature-protection
5 | NTC_FAULT_INT 0 W/R

voltage OK

interrupt request flag bit
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1 - NTC thermistor | Writing 1 to NTC_FAULT Clears it
voltage over range to 0
0 — BAT not over Battery over-voltage protection
voltage interrupt request flag bit
4 BAT_OVP_INT 0 W/R
1 - BAT over Writing 1 to BAT_OVP_INT
voltage Clearsitto 0
0 —no VIN plug or
Adapter plug event interrupt
unplug event
3 VIN_INT 0 W/R request flag bit
1-VIN plug or
Writing 1 to VIN_INT Clears itto O
unplug event
0 - no full charge or
Battery full charge and recovery
recharge event
2 CHG_INT 0 W/R interrupt request flag bit
1-occurs full charge
Writing 1 to CHG_INT Clears it to 0
or recharge event
1 Reserved 0 R
0 Reserved 0 R
REGO09
BIT NAME POR Type Reset Description Comment
0 - disable VIN over-voltage protection
7 VIN_OVP_EN 1 W/R
1 - enable interrupt enable bit
0 — disable Chip over-temperature protection
6 TJ_OTP_EN 1 W/R ) b
— enable interrupt enable bit
0 — disable Battery temperature-protection
5 NTC_FAULT 1 W/R 1-enable interrupt enable bit
By POR 0 — disable Battery over-voltage protection
4 BAT_OVP_EN 1 W/R
By 1 —enable interrupt enable bit
REG_RST 0 — disable Adapter plug event interrupt
3 VIN_INT_EN 1 W/R o
1-enable enable bit
0 — disable Battery full charge and recovery
2 CHG_INT_EN 1 W/R
1 - enable interrupt enable bit
0 — disable Charge timeout fault interrupt
1 CHG_FAULT_EN 1 W/R o
1-enable enable bit
0 — disable Watchdog overflow fault interrupt
0 WD_FAULT_EN 1 W/R
1 — enable enable bit
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PACKAGE OUTLINE
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IMPORTANT NOTICE

® Joulwatt Technology Inc. reserves the right to make modifications, enhancements, improvements,
corrections or other changes without further notice to this document and any product described herein.

® Anyunauthorized redistribution or copy of this document for any purpose is strictly forbidden.

® Joulwatt Technology Inc. does not warrant or accept any liability whatsoever in respect of any products

purchased through unauthorized sales channel.

Copyright © 2020 JW3902 Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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