JOULWATT

JW3313

3 Series Battery Protector

Preliminary Specifications Subject to Change without Notice

DESCRIPTION

JW®3313 is a low-power battery protection IC for
the 3 series rechargeable lithium-ion battery
pack.

JW3313 integrates high-accuracy voltage
detection and temperature detection circuits,
which realizes multiple protect functions including
over-charge, over-discharge, over-current,
over-temperature, under-temperature and open
wire detection.

FEATURES

® Input voltage up to 30V
® High-accuracy voltage detection for each cell
- Over-charge detection voltage Voc:
3.65V, 3.85V, 4.2~4.375V (25mV step)
+25mV (25C)
- Over-charge release hysteresis Vocre:
0.1~0.4V (100mV step)
- Over-discharge detection voltage Vop:
2.0V, 2.3V, 2.5V, 2.7V
+80mV (25C)
- Over-discharge release hysteresis Voprh:
0.3~0.7V (200mV step)
® Discharge over-current detection in 3-step:
- 1stdetection voltage Vpoii:
50~150mV (25mV step) +10mV
- 2"ddetection voltage Vpor:
2Vpoir £20mV
- Short circuit detection voltage Vshr:
0.4V £50mV
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® Charge over-current detection voltage Vcor:
--20mV £5mV,
--30mV +£10mV, -50mV £10mV,
- Disable
® High-accuracy battery temperature detection
- Charging over-temperature protection
threshold Vcor:
0.206V (50 +5°C) or 0.18V (55 +5°C)
- Charging under-temperature protection
threshold Vcur:
0.815V (-10 £5°C) or 0.692V (0 +5°C)
- Discharging over-temperature protection
threshold Vpor:
0.12V (70 £5°C)
- Discharging under-temperature protection
threshold Vpur:
0.926V (-20 £5°C)
® 3-step discharge over-current protection
- For 1%, tpon : 0.2s, 0.5s, 1s, 2s
- For 2. tpoi2 : toort x10%
- For 3, tgur : 300us
Open wire detection
® \Wide range of operation temperature
-40°C to +85°C
® |ow current consumption (T=25°C)

Full power mode 10pA Typ.
Sleep mode 1.5pA Typ.
Shutdown mode 350nA Typ.

® Package: MSOP10
APPLICATIONS

® Rechargeable Lithium-ion Battery Pack
® Power Tools, Garden Tools
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TYPICAL APPLICATION
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JW3313 JoulWatt
Selection Guides
Production Name Structure
JW3313-XX
Series codel)
Sequentially set from AA to ZZ
Notes:
1): Relates to different detection threshold voltage
Products Series List'?)
Over Over Over Over Charge Discharge Discharge Short Charger
Part -charge -charge | -discharge | -discharge | over-current | over-current | over-current circuit lock
detection | release detection release detection 1 detection 2 detection | detection after
NO voltage voltage voltage voltage voltage voltage voltage voltage over-
[Voc] [VocL] [Von] [VopH] [Vcol] [Vpon] [Vpoi2] [Vsht] charge
JW3313-MC | 4.250V 4.05V 2.7V 3.0V 50mV 100mV 200mV 400mV
JW3313-MB | 4.225V | 4.025V 2.7V 3.0V 20mV 100mV 200mV 400mV N
JW3313-ME | 4.250V 4.15V 2.5V 3.0V 50mV 100mV 200mV 400mV N
JW3313-PA 3.65V 3.45V 2.3V 3.0V 50mV 100mV 200mV 400mV N
Part vDi:ch:lrrgri‘l Charging Charging Discharging Discharging
d‘; tzc t‘i:::n zela over-temperature under-temperature over-temperature under-temperature
NO. time [toon] v threshold [Tcort] threshold [Tcur] threshold [Tpor] threshold [Tour]
JW3313-MC 1s 50°C -10C 70C -20°C
JW3313-MB 1s 50°C -10C 70C -20°C
JW3313-ME 200ms 50C -10C 70C -20°C
JW3313-PA 200ms 50°C -10C 70°C -20C
Notes:

1) The temperature protection threshold depends on the external NTC (103AT =3435) and bypass resistance.

2) Please contact our sales office for products with detection voltage values other than those specified above.
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JW3313 JoulWatt
ORDER INFORMATION
DEVICEY PACKAGE TOP MARKING?
3313-MC
JW3313-MCMSOPH#TRPBF MSOP10
ywO oo
3313-MB
JW3313-MBMSOP#TRPBF MSOP10
ywO oo
3313-ME
JW3313-MEMSOP#TRPBF MSOP10
ywO oo
3313-PA
JW3313-PAMSOP#TRPBF MSOP10
ywo oo
Notes:
JWC—J [ 1# TRPBF
L PBFree . .
1) ;aagc)lfaagr;dczzeel(lf TR” is not shown, it means tube)
—————————————PartNo. ywooom
Jwoooo i
2) Linel: - T product code Line2: Lot number
Joulwatt LOGO \eekcode
PIN CONFIGURATION
Top View
Cwme] O 15 ]
VC3 [ co 1]
Vo JW3313 [o
VCi [ VM ]
GND [cs ]
MSOP10
ABSOLUTE MAXIMUM RATINGY
Y 5 S -0.3V to +30V
VC3, VC2, VC1, CS, VM, DOttt ettt a e neae e e e s e e e e e -0.3V to VDD+0.3V
YO (0] RV O (a1 T 220 S -0.3V to 20V
Y0 Y {2 PSR -0.3V to 20V
7 PSR VDD-30V to VDD+0.3V
15 TSSO -0.3V to +3.6V
0T el o o T 1100 o= = (U= SRR 150°C
(=TT B =T g T 01T = L (] = PSR 260°C
StOrage TEMPEIATUIE .......oooiiiiie et e e e et e e e enneeas -65°C to +150°C
RECOMMENDED OPERATING CONDITIONS®
[ o 1 To AT E=T ] o T=T = (UL () S SPRR -40°C to 85°C
RV O (0] YA O (gt I T 228 TSR 0V to 5V
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RV L\ 5 T 3V to 15V
THERMAL PERFORMANCE? O O

1Y ST L T 150...... 45°C/W
Notes:

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 OPERATING CONDITIONS.

2) The JW3313 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 device is not guaranteed to function outside of its operating conditions.

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

TA = 25°C, unless otherwise stated.

Symbol  Condition in. . Max.

Power supply

Power supply range® Vbp 3 15

Rising 1.6 2
Power-on reset threshold VeoRr

Falling 1.4 1.8
Current consumption during full power Irp Vop =9.9V 10 15 pA
Current consumption during sleep IsLeepP Vop =8V 15 3 pA
Current consumption during shutdown Isb Vop=0.8V 350 500 nA
VC3~VC1 pin current Ivea~1 -1.0 0 1.0 LA

Voltage/Current Protections

Detection period time for OV, UV toETV 0.35 0.5 0.65 s
Detection voltage Voc Voc-0.025 Voc Voc+0.025 \Y
Release voltage VocL Voct-0.05 VocL Voc.+0.05 \Y
Detection  delay
Over-charge toc 0.7 1 1.95 s
time®
Release delay
tocL 30 60 90 ms
time®
Detection voltage Vob Vop-0.08 Vob Vop+0.08 \Y
100mV
/200mV
Voph-0.1 Vopr+0.1 Vv
Release voltage VobH /300mV VobH
Hysteresis
Over-discharge
others Vopr-0.13 VopH+0.13
Detection  delay
too 0.7 1 1.95 s
time®
Release delay
topH 30 60 90 ms
time®
15t Discharge over-current detection
Voo Vpoi1-10 Vbort Vpoi1+10 mV
voltage
18t Discharge over-current detection
toon 0.7*tbo1 toon 1.3*tbon s
delay time®
2" Discharge over-current detection
Vo2 Vbor-20 Vboiz Vpoi2+20 mV
voltage
JW3313 Rev.0.23 JoulWatt® Proprietary Information. Patent Protected. 6
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2" Discharge over-current detection
toorz 0.7*tboi2 toorz 1.3*tboi2 s
delay time®
Load short circuit detection voltage VsHT 350 400 450 mV
Load short circuit detection delay time® tsHT 200 300 360 us
Discharge over-current release delay
tooir 30 60 90 ms
time®
Veoi=-20mV Vcor-5 Vol Vcoi+5 mV
Charge over-current detection voltage Vcol Vcor=-30mV or
Vcor-10 Vol Veor+10 mV
-50mV
Charge over-current detection delay
tcol 6 10 14 ms
time®
Charge over-current release delay
tcoir 1 2 2.6 s
time®
Temperature Protection
Temperature detection period time®) toeTT 1.4 2 2.6 s
Temperature detection time® toet 2.8 4 5.2 ms
Discharging detection threshold VTH_psc 1.5 3 4.5 mV
Reference current for temperature
InTC 58 60 62 pA
detection®
Protection 50°C+5°C 184 206 238
Veor mV
Charging threshold 55°C+5°C 161 180 202
over-temperature 45°C£5°C 211 236 265
Release threshold VcotrT mV
50°C+5°C 184 206 231
Protection -10°C+£5°C 0.773 0.815 0.848
Charging Veur \Y
threshold 0°C+5°C 0.642 0.692 0.735
under-
-5°C+5°C 0.708 0.754 0.793
temperature Release threshold | Vcutrr \
5°C+5°C 0.578 0.629 0.675
Protection
Discharging Voot 70°C+5°C 108 120 133
threshold mV
over-temperature
Release threshold VpotRrT 60°C+5°C 141 157 176
Discharging Protection
Vour -20°C+5°C 0.897 0.926 0.945 \Y
under- threshold
temperature Release threshold VDUTRT -10°C+5°C 0.773 0.815 0.848 \%
Temperature detection delay time®) tor 1 2 5.2 s
Temperature protection release delay
totr 1 2 5.2 s
time®
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Chip over-temperature protection
threshold Terip 130 150 170 °C
Chip over-temperature protection
aloase threshold®! TeHiPr 105 125 145 °C
Output Voltage and Current
CO output voltage “L” VeoL High_Z
CO output voltage “H” VcoH Vop \%
DO output voltage “L” Vool 0 0.5
DO output voltage “H” VboH Vop
CO pin source current lcon Vpp=6V 0.7 1 1.3 mA
DO pin source current looH Vpp=9V 0.7 1.7 2.7 mA
DO pin sink current IooL Vpp=6V 7 10 13 mA
Charger and Load detection function
VM pull down resistance after discharge
Rvmpn 60 100 140 kQ
MOSFET turn off
Load detection threshold VVMTH 0.8 1 1.2 \Y
Charge
Charger detection current lco over-current, 50 100 170 nA
Over-charge
Over-charge,
Over-discharge,
Charger detection threshold VcHa 20 70 120 mV
Charge
over-current
Other function
Sleep status delay time® tsLp 5 10 15 s
Sleep status exit delay time® tsLpr 30 60 90 ms
Charge / Discharge mode change time® test 30 60 90 ms
Test mode entry threshold® VENTRY 2 \Y
Test mode entry time® tENTRY 50 100 150 ms
Test mode exit time® texT 8 16 24 s

Note: 5) Guaranteed by design.
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PIN DESCRIPTION

Pin No. \ Name Description

1 VDD Input pin for positive power supply.

2 V(3 Connection pin for battery 3's positive voltage.

3 VC2 Connection pin for battery 2's positive voltage.

4 VC1l Connection pin for battery 1's positive voltage.

5 GND Input pin for negative power supply.

6 CS Pin for charge and discharge current sensing.

7 VM Pin for load and charger detection.

8 DO Gate connection pin for discharge control MOSFET.
This is a dual-purpose pin:

9 co 1) Gate connection pin for charge control MOSFET;
2) Pin for charger detection.

10 TS Thermal sense input.
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BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION

Power on Reset

Battery cells can be connected in any order, but
it is recommend that the GND and VDD pins are
connected first, and then connection continues
from lower to higher voltage cells.

When the battery is connected to JW3313, Vpp
rises up. If Vpp<Vpor, all circuits power down
and both charge and discharge MOSFETs turn
off. When Vpp>Vpor, JW3313 enters initial
status.

Normal Status

In the JW3313, both CO and DO pins output
high level voltage when all battery voltages are
between Vop and Voc, the battery temperature
is between Vcor and Vcur, and the CS pin's
voltage is between Vcol and Vpoi1. This is the
normal status. At this time, the charge and
discharge MOSFETSs are on.

Over-Charge Status

JW3313 detects cell voltage once per tperv.
When any battery voltage increases to Voc or
higher for longer than toc, the CO pin outputs
“High_Z". Since the CO pin pulled down to the
PACK- voltage by an external resistor, the
charge MOSFET is turned off to stop charging.
This is the over-charge status.

The over-charge status is released if either of
the conditions mentioned below is satisfied:

(1) When the CO pin voltage is higher than
Vcua ( optional by part number) and all
battery voltage drops to Voc. or lower for
longer than toct.

(2) When the CS pin voltage is higher than
VrH_pse during discharging and all battery
voltage drops to Voc or lower for longer
than 400us.

(3) When the CS pin voltage is higher than
Voo during discharging and all battery
voltage drops to Voc or lower for longer
than 60us.

Over-Discharge Status

JW3313 detects cell voltage once per Tpetv.
When any voltage of the batteries decreases to
Vop or lower for longer than top, the DO pin
outputs low level voltage. The discharge
MOSFET is turned off and it stops discharging.
This is the over-discharge status.

The over-discharge status is released if either
condition mentioned below is satisfied:

(1) The VM pin voltage is lower than VymrH, and
all battery voltages increase to Vopu Of
higher for longer than toph.

(2) The VM pin voltage is lower than Vcua, and
all battery voltages increase to Vop or higher
for longer than toph.

Sleep Status

If JW3313 is in over-discharge status, and the
sleep timer overflow, the JW3313 enters sleep
status. At sleep status, the discharge MOSFET
is turned off and the charge MOSFET is turned
on. The total current consumption is 1.5pA in
sleep status.

The sleep status is released if the following
condition is satisfied:

The VM pin voltage is lower than Vcha for longer
than tsLpr.

Discharge Over-Current Status

In the JW3313, if the CS pin voltage increases
to the level of Vpol or more for longer than tpo,
the DO pin outputs low level voltage. The
discharge MOSFET is turned off and it stops

JW3313 Rev.0.23
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discharging. This is the discharge over-current
status.

The VM pin is pulled down to the GND level via
Rvwmpn internally.

JW3313 has three thresholds for discharge
over-current detection (Vpoi1, Vboi2, VsHT).

The discharge over-current status is released if
the following condition is satisfied:

The VM pin voltage is lower than Vywmtn for
longer than tpoir.

Charge Over-Current Status

In the JW3313, if the CS pin voltage decreases
to the level of Vcor or lower for longer than tco,
the CO pin outputs “High_Z” and the DO pin
outputs low level voltage. The charge and
discharge MOSFETSs are turned off. This is the
charge over-current status.

The charge over-current is released if the
following condition is satisfied:

The CO pin voltage is higher than Vcua for
longer than tcor.

Charge Temperature Protection Status

The JW3313 detects the temperature every
toeTt, see Figure 1 for temperature detection
timing chart. In normal status, the JW3313
continuously turns on TS output for tper every
toert. When the TS output turns on, the external
temperature is monitored.

i toer toer toer

COT/CUT |
Detection | et [l [l
Enable |
| & toer toer

DOT/DUT ‘l_> toerr .—'D:‘ET B M

Detection I
Enable !

Figure 1 Temperature Detection Timing

In normal status, When the CS pin voltage is
higher than V14 psc for longer than tcsr, the
battery pack is regarded as in discharging
status. Otherwise, the battery pack is regarded

as in charging status.

At normal status, if the system is in charging
mode, once the battery temperature is out of the
normal range of charging temperature and the
state continues for longer than tor, JW3313
shuts down the charge MOSFET.

This status is released if either condition
mentioned below is satisfied:

(1) When the system is in charging mode, the
TS pin voltage is higher than Vcotrr and
lower than Vcutrt for longer than torr.

(2) When the system is in discharging mode the
CS pin voltage is higher than V1 _pse and
lower than Vpoy1 for longer than 400us.

(3) When the system is in discharging mode the
CS pin voltage is higher than Vpoir for
longer than 60pus.

Discharge Temperature Protection

Status

At normal status, if the system is in discharging
mode, once the battery temperature is out of the
normal range of discharging temperature
threshold and the state continues for tor,
JW3313 shuts down the both charge and
discharge  MOSFETs, and enters discharge
temperature protection status.

At charge temperature protection status, if the
system is in charge mode, and the TS pin
voltage is out of the normal range of discharging
temperature threshold for longer than tor,
JW3313 shuts down the both charge and
discharge MOSFETs, enters discharge
temperature protection status.

This status is released if either condition
mentioned below is satisfied:

(1) When the system is in charging mode, the
VM pin voltage is lower than VyutH and the
TS pin voltage is higher than Vpotrr and
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lower than Vcotrr, this status is released to
the charge temperature protection status.
Similarly, the TS pin voltage is lower than
Vputrr and higher than Vcutrr for longer
than torr, this status is released to the
charge temperature protection status

(2) When the system is in discharging mode,
the VM pin voltage is lower than Vyurh and
the TS pin voltage is higher than Vpotrt
and lower than Vpuytrr for longer than totr.
This status is released to the normal status.

Open Wire Detection

JW3313 integrates open wire detection and
protection. When any of VC3 to VCL1 pin is open,
it detects open wire, charging and discharging
are prohibited after a delay time.

Test Mode

When DO pin voltage is a Ventry higher than
VDD pin voltage for longer than tenTry, the
JW3313 is in test mode. In this mode the delay
time of all protection including over-charge,
over-discharge and over-current is shortened,
see Table 1. The chip can be quickly tested by
the user in this mode.

Mode toc top tco tool
(max) (max) (max) (max)

Normal 1.95s 1.95s 10ms tooi1
Test 10ms 10ms 600us 1.5ms

JoulWatt
Mode tooiz tor tsLp
(max) (max) (max)
Normal tooiz 5s 10s
Test 1ms 12ms 2ms

Table 1 The Delay Time of Different Mode
Package and Bag Caution

1. JW3313 is MSD (Moisture-Sensitive
Devices) and its MSL® (Moisture-Sensitive
Level) is level-3.

2. Calculated shelf life in sealed bag is 12
months at <40°C and <90%RH(Relative
Humidity).

3. Peak package body temperature?) is 260°C.
After bag is opened, devices that will be
subjected to reflow solder or other high
temperature process must
a) Mounted within 168 hours of factory at

the condition <30°C/60%RH.
b) Stored at <10%RH.

5. Devices require bake before mounting if
Humidity Indicator Car(HIC) is >10%RH
when read at 23+57C.

6. If baking is required, devices may be baked
for 48 hours at 125 = 5°C . If device
containers cannot be subjected to high
temperature for shorter bake times are
desired, reference IPC/JEDEC J-STD-033

for bake procedure.

Note:
6) Level and body temperature defined by
IPC/JEDEC J-STD-020.
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PACKAGE OUTLINE

&
SHEHBE |
oL L

Procket Quadrants

MSOP10 UNIT: mm
D
MILLIMETER
[ | T T Symbol
AZ A ] MIN | NOM | MAX
0 Vo IS /ey G o ey sy R
Al L L'-_J f
Al 0.02 — 015
A2 0.75 _ 095
b 0.17 — 033
E E E E E P c 0.08 _ 0.23
_ D 290 | 300 | 310
E 475 — 5.05
E1 2.90 — 3.10
El E e 0.50(BSC)
L 0.40 - 0.80
0 0° — ge

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Sprocket Holes

d

Package Type

Pin1 Quadrant

MSOP10

1
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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.

®  Any unauthorized 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 © 2019 JW3313 Incorporated.

All rights are reserved by Joulwatt Technology Inc.
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