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OVERVOLTAGE AND OVERCURRENT PROTECTION IC AND
Li+ CHARGER FRONT-END PROTECTION IC

FEATURES « 5.5V LDO Mode Voltage Regulation
« Provides Protection for Three Variables: * Available in Space-Saving Small 8 Lead 2mm
— Input Overvoltage, with Rapid Response in x2mm SON
<1lups
— User-Programmable Overcurrent with APPLI_CATIONS
Current Limiting * Mobile Phones and Smart Phones

« PDAs

« MP3 Players

 Low-Power Handheld Devices
* Bluetooth™ Headsets

— Battery Overvoltage
* 30V Maximum Input Voltage
e Supports up to 1.5A Input Current

* Robust Against False Triggering Due to
Current Transients

* Thermal Shutdown
» Enable Input
» Status Indication — Fault Condition

DESCRIPTION

The bg24313 and bg24315 are highly integrated circuits designed to provide protection to Li-ion batteries from
failures of the charging circuit. The IC continuously monitors the input voltage, the input current, and the battery
voltage. The output acts as a linear regulator. The output is regulated to Voreg) for inputs between Vo reg) and
the overvoltage threshold. If an input overvoltage condition occurs, the IC immediately removes power from the
charging circuit by turning off an internal switch. In the case of an overcurrent condition, it limits the system
current at the threshold value, and if the overcurrent persists, switches the pass element OFF after a blanking
period. Additionally, the IC also monitors its own die temperature and switches off if it exceeds 140°C. The input
overcurrent threshold is user-programmable.

The IC can be controlled by a processor and also provides status information about fault conditions to the host.
APPLICATION SCHEMATIC

AC Adapter

vDC 1] IN OouT[ 8]
1pF
GND bq24080
l I bq24313 Charger IC
= bq24315 =
SYSTEM

wH}-

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments.

Bluetooth is a trademark of Bluetooth SIG, Inc.

PRODUCTION DATA information is current as of publication date. righ 2 Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2008, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION®

DEVICE® OVP THRESHOLD PACKAGE MARKING
bq24313DSG 10.5vV 2mm x 2mm SON NXQ
bq24315DSG 5.85V 2mm x 2mm SON CGM

(1) For the most current package and ordering information, see the Package Option Addendum at the end
of this document, or see the Tl website at www.ti.com.

(2) To order a 3000 piece reel add R to the part number, or to order a 250 piece reel add T to the part
number.

PACKAGE DISSIPATION RATINGS

DESIGNATOR PACKAGE Resc Resa
DSG 2x2 SON 5°C/W 75°CIW

ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

PARAMETER PIN VALUE UNIT
IN (with respect to VSS) —-0.3t0 30
\ Input voltage OUT (with respect to VSS) -0.3t0 12 Y
ILIM, FAULT, CE, VBAT (with respect to VSS) -0.3t07
I Input current IN 2 A
lo Output current ouT 2 A
Output sink current FAULT 15 mA
All (Human Body Model per JESD22-A114-E) 2000 Y
All (Machine Model per JESD22-A115-E) 200 Y
ESD Withstand Voltage All (Charge Device Model per JESD22-C101-C) 500 \Y
IN(IEC 61000-4-2) (with IN bypassed to the VSS 15 (Air Discharge) kv
with a 1-pF low-ESR ceramic capacitor) 8 (Contact)
Ty Junction temperature —40 to 150 °C
Tstg Storage temperature —65 to 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. All voltage
values are with respect to the network ground terminal unless otherwise noted.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vin Input voltage range 3.3 30 \%
N Input current, IN pin 15 A
lout Output current, OUT pin 15 A
RLim) OCP Programming resistor 15 20 kQ
T; Junction temperature —-40 125 °C
2 Bubmif Documentafion FeedbacK Copyright © 2008, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

over junction temperature range —40°C to 125°C and recommended supply voltage (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP  MAX| UNIT
IN
UvLO Undervoltage lock-out, input power CE = Low, V) increasing from OV to 3V 2.6 2.7 28| V
detected threshold * YIN : : :
Vhysuvloy ~ Hysteresis on UVLO CE = Low, V| decreasing from 3V to 0V 200 260 300 mVv
‘ Deglitch time, input power detected CE = Low. Time measured from V;y OV — 5V 1us 8 ms
DGL(PGOOD)  status rise-time, to output turning ON
) CE = Low, No load on OUT pin,
Ibp Operating current Vin = 5V, Ry = 25k 400 600 | pA
IsTDBY Standby current CE = High, Vjy =5V 65 95| pA
INPUT TO OUTPUT CHARACTERISTICS
Voo Drop-out voltage IN to OUT CE = Low, Viy = 5V, lout = 1A 170 280 mVv
OUPUT VOLTAGE REGULATION
Vo(reg) Output voltage CE = Low, Vj\ = 6.5V, loyr = | bg24313 567 585 6.03| V
1A
CE = Low, Vjy = 5.7V, lout = | bq24315 5.3 55 5.7
1A
INPUT OVERVOLTAGE PROTECTION
i ﬁ = Low, V inCreasing bq24313 10.2 10.5 10.8
\Y Input overvoltage protection threshold PN \Y
ovP P gep from 5V to 11V bq24315 571 585 6.00
tep(OVP) Input OV propagation delay‘® CE = Low 200 ns
v Hysteresis on OVP CE = Low, V) decreasing bg24313 60 120 180 v
m
hys(OVP) from 11V to 5V bg24315 20 60 110
t Recovery time from input overvoltage | CE = Low, Time measured from 8 ms
ON(OVP) condition Viy 7.5V — 5V, 1ps fall-time
INPUT OVERCURRENT PROTECTION
locp Input overcurrent protection threshold 300 1500 mA
range
) CE = Low, R =24.9kQ
I Input overcurrent protection threshold » T (ILIM) ' 900 1000 1100 mA
ocp P P 3V =V|y < Vovp — Vhysovp)
Adjustable current limit factor A=
Kauimy J 25 KQ
Blanking time, input overcurrent
BLANK(OCP)  getected 176 us
Recovery time from input overcurrent
tReC(OCP) condition 64 ms
BATTERY OVERVOLTAGE PROTECTION
Battery overvoltage protection = _
BVovp threshold CE = Low, Vjy > 4.4V 430 435 44| Vv
Vhys(Bovp) Hysteresis on BVoyp CE = Low, V|\ > 4.4V 200 275 320 mVv
lovBAT) Input bias current on VBAT pin Vvgar) = 4.4V, T; = 25°C 10| nA
t Deglitch time, battery overvoltage CE = Low, Vy > 4.4V. Time measured from V(vBAT) 176 s
DGL(Bovp) detected rising from 4.1V to 4.4V to FAULT going low. H
THERMAL PROTECTION
Ty0FF) Thermal shutdown temperature 140 150 °C
Tyorr-Hys)  Thermal shutdown hysteresis 20 °C
LOGIC LEVELS ON CE
Vi Low-level input voltage 0 0.4 \%
Viy High-level input voltage 1.4 \%
I Low-level input current Vicg) = OV 1| pA
(1) Not tested in production. Specified by design.
Copyright © 2008, Texas Instruments Incorporated Bubmit Documentation FeedbacK 3
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ELECTRICAL CHARACTERISTICS (continued)
over junction temperature range —40°C to 125°C and recommended supply voltage (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
m High-level input current Vicg) = 1.8V 15| pA
LOGIC LEVELS ON FAULT
VoL Output low voltage Isink = BMA 0.2 Y
likg Leakage current, FAULT pin HI-Z V(rauLT) = 5V 10| pA
4 Bubmif Documentafion FeedbacK Copyright © 2008, Texas Instruments Incorporated
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Figure 1.

Simplified Block Diagram
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TERMINAL FUNCTIONS

TERMINAL
110 DESCRIPTION
NAME DSG
IN 1 | Input power. Connect IN to the external DC supply. Bypass IN to VSS with a 1uF ceramic capacitor
(minimum).
VSS 2 — | Ground terminal
NC 3 This pin may have internal circuits used for test purposes. Do not make any external connection to this
pin for normal operation.
Open-drain, device status output. FAULT = Low indicates that the input FET Q1 is off due to input
FAULT 4 O | overvoltage, input overcurrent, battery overvoltage, or thermal shutdown. FAULT is high impedance
during normal operation. Connect a pullup resistor from FAULT to the desired logic level voltage rail.
CE 5 I | Chip enable active low input. Connect CE = High to disable the IC and turn the input FET off. Connect
CE = low for normal operation. CE is internally pulled down.
VBAT 6 | Battery voltage sense input. Connect to the battery pack positive terminal through a resistor.
Input overcurrent threshold programming. Connect a resistor from ILIM to VSS to set the overcurrent
ILIM 7 110
threshold.
ouT 8 O | Output terminal to the charging system. Connect OUT to the external load circuitry. Bypass OUT to VSS
with a 1pF ceramic capacitor (minimum).
There is an internal electrical connection between the exposed thermal pad and the VSS pin of the
Thermal PAD _ | device. The thermal pad must be connected to the same potential as the VSS pin on the printed circuit
board. Do not use the thermal pad as the primary ground input for the device. The VSS pin must be
connected to ground at all times.
DSG Package
(Top View)
IN[1 7% e . 8|our
- ,,'l E S
- ' ! e
VSS|2 :. E v 7(ILIM
T bq24313 1 T
L. bq24315 | J—
NC|3 :. ' i -’ 6| VBAT
-—— i : -
L. T
FAULT[4  '-------------4 5| CE
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TYPICAL OPERATING PERFORMANCE

Test conditions (unless otherwise noted) for typical operating performance: Viy =5V, Cy = 1 uF, Cout = 1 uF,
Roum = 25 KQ, Rgat = 100 kQ, Tp = 25°C, Vpy = 3.3V (see for the Typical Application Circuit)

NORMAL POWER-ON SHOWING SOFT-START

Run i | Trig?

(1]
Rout = 6.6 Q
-
4
2 V/div Vin
st Wm&wmm
-
.
-
2 V/div e
Vour p ™
i
200 mA/div
| IIN
t - Time - 2 ms/div
Figure 2.
OVP RESPONSE FOR INPUT STEP
Run I I = 1 Trig?
Vin=5Vto 12V step
5 V/div VA o
Vin .
ARE———
P
V,
2 Vidiv our
)|
t - Time - 10 ps/div
Figure 4.
RECOVERY FROM OVP
Run E 1 ; 1 Trig?
v
Viy=75Vto5V,
t.=1.2ms
. Vin d
2 V/div
B
2 V/div
Vour
1

t - Time - 4 ms/div

OVP AT POWER-ON

Run £ it Trig?
YVy=0Vto9V,
t. =50 us
5 V/div
VIN
d
2]
200 mV/div
Vour
i
200 mA/div In
t - Time - 2 ms/div
Figure 3.
OVP RESPONSE FOR INPUT STEP
Run — = 1 Trig?
| Vy=5Vto12V, * ‘
| t=20ps 1
5 V/div : VIN //_’_'__,___-———-—-———-~-°°--“1
|

|
|

e VOUT \Q—h-*

t - Time - 20 ps/div
Figure 5.

OCP, POWERING UP INTO A SHORT CIRCUIT ON
OUT,COUNTER COUNTS TO 15 BEFORE SWITCHING OFF

THE DEVICE
Run I i = 1 Trig?
1]
5 V/div
Vi
P
1 Vidiv TS I IO L Y A U
Vour
500 mA/div |
N
1V | Veggrr v

t - Time - 200 ms/div

Figure 6. Figure 7.
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TYPICAL OPERATING PERFORMANCE (continued)

OCP, ZOOM-IN ON THE FIRST CYCLE OF FIGURE 7

Run I i I Trig?

] -

2 Vidiv ||

- n
o s e
500 mA/div ||
{ IN
1 Vour
1 V/div of Ao arared

t - Time - 2 ms/div

Figure 8.

BAT-OVP, Vygat) STEPS FROM 4 V TO 4.5 V,SHOWS
tpeLBAT-0vP) AND SOFT STOP

Run ] Trig?

U

VOUT
2 Vidiv

1 Vidiv Vear

1vidiv B VFAULT

t - Time - 100 ps/div
Figure 10.

INPUT VOLTAGE RAMP-UP / RAMP-DOWN

bq24313
Tek Stop
2 Vidiv VIN
2Vidiv| | 4 VOUT i s
[ 3

t - Time - 40 ms/div

Figure 12.

Rout SWITCHES FROM 6.6Q TO 3.3Q,SHOWS CURRENT
LIMITING AND SOFT-STOP

v

stop

m

VOUT e \s______
D

I 500 mA/div

Vexoor 1 V/div

t - Time - 40 pus/div
Figure 9.

BAT-OVP, Vypat) CYCLES BETWEEN 4 V AND 4.5
V,SHOWS BAT-OVP COUNTER

Stop 1 |

2 Vidiv Vour Lo pEte
o VA e
ovidv | B S o "
Vear
200 mA/div
B Veaurr
t - Time - 4 ms/div
Figure 11.
UNDERVOLTAGE LOCKOUT
VS
FREE-AIR TEMPERATURE
2.75
2.7
V| Increasing
2.65
>
3
5. 2.6
4
I
> 255
o)
S
>
>3
25
V| Decreasing
245
24

-50 -30 -10 10 30 50 70 90 110 130
Temperature - °C

Figure 13.
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TYPICAL OPERATING PERFORMANCE (continued)

OVERVOLTAGE PROTECTION THRESHOLD

DROPOUT VOLTAGE (IN to OUT) VS
S FREE-AIR TEMPERATURE

Y
FREE-AIR TEMPERATURE bg24313
280 10.55 ‘
260 V|y Increasing
240 05— |
Viy=4V —_—
220
E g 10.45
o .
5 20 V=5V s
- >
® 180 s
9 i 104 -
> 160 3 — V\\ Decreasing
——
\
140 10.35 Te—
—
120
100 10.3
0 50 100 150 50 -30  -10 10 30 50 70 9 110 130
Temperature - °C Temperature °C
Figure 14. Figure 15.
OVERVOLTAGE THRESHOLD PROTECTION
Vs INPUT OVERCURRENT PROTECTION
FREE-AIR TEMPERATURE Vs
bq24315 ILIM RESISTANCE
5.88 1600
1400 \
5.86
L~ 1200
> / \
' — v 1000
s 584 V|y Increasing ——— <
Q
2 - E 800 N
% g N
>% 5.82 600
400 ™~
58 T~
— S V\n Decreasing L 200
| —
- —
5.78 0
50 -30  -10 10 30 50 70 9 110 130 0 10 20 30 40 50 60 70 80 90 100
Temperature - °C Rium - kQ
Figure 16. Figure 17.
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TYPICAL OPERATING PERFORMANCE (continued)

INPUT OVERCURRENT PROTECTION BATTERY OVERVOLTAGE PROTECTION
VS VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
985 4.4
|
984 4.35
983 BVoyp (Vygar Increasing)
982 43
< 981 / > 425
£ 2
w980 3
3 & 42
979
978 / 415
977
/ 4.1 Bat-OVP Recovery (Vygar Decreasing)
976 7/ | | | | |
R
-50 -30 -10 10 30 50 70 90 110 130 -50 -30 -10 10 30 50 70 90 110 130
Temperature - °C Temperature - °C
Figure 18. Figure 19.
LEAKAGE CURRENT (VBAT Pin) SUPPLY CURRENT
VS Vs
FREE-AIR TEMPERATURE INPUT VOLTAGE
25 900
800
2 , 700 Iop (CE = Low) L—]
——/
< 600 f
3
15 L
‘é @ 500
" R
3 5 400
g / 8
= 1 - /
/ 300
0.5 / 200 I (CE = High)
. STDBY -
|_— 100
— —T
0 0
-50 -30 -10 10 30 50 70 90 110 130 0 5 10 15 20 25 30 35
Temperature - °C Vin-V
Figure 20. Figure 21.
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TYPICAL APPLICATION CIRCUIT
Vove = 5.85V, locp = 1000mA, BVgyp = 4.35V

AC Adapter l- ......... ,
]
vDC Hﬂ IN OUT[ g ! 1
Cin Cout : )
GND 1 uF 1uF bq24080 . |
<| tlj Charger IC X 1
= bq24313 . !
= bq24315 = . l
Reat ' SYSTEM :
VBAT g . !
100 kQ ! ,
1T ;
- ]
]
! ]
! ]
— ]
FAULT [ 4 | —> |
| Host :
— | Controller
CE| 5 |« . !
]
Ree o \

RiLm

[2]
[
>

1 |—/\/vy—[\.] ILIM

Figure 22.

DETAILED FUNCTIONAL DESCRIPTION

The bg24313 and bg24315 are integrated circuits designed to provide protection to Li-ion batteries from failures
of the charging circuit. The IC continuously monitors the input voltage, the input current and the battery voltage.
For an input overvoltage condition, the IC immediately removes power from the charging circuit by turning off an
internal switch. For an overcurrent condition, it limits the system current at the threshold value, and if the
overcurrent persists, switches the pass element OFF after a blanking period. If the battery voltage rises to an
unsafe level, the IC disconnects power from the charging circuit until the battery voltage returns to an acceptable
value. Additionally, the IC also monitors its own die temperature and switches off if it exceeds 140°C. The input
overcurrent threshold is user-programmable. The IC can be controlled by a processor, and also provides status
information about fault conditions to the host.

POWER DOWN

The device remains in power down mode when the input voltage at the IN pin is below the undervoltage
threshold UVLO. The FET Q1 connected between IN and OUT pins is off, and the status output, FAULT, is set to
Hi-Z.

POWER-ON RESET

The device resets when the input voltage at the IN pin exceeds the UVLO threshold. All internal counters and
other circuit blocks are reset. The IC then waits for duration tpg (pcoop) for the input voltage to stabilize. If, after
toeLpcoop), the input voltage and battery voltage are safe, FET Q1 is turned ON. The IC has a soft-start feature
to control the inrush current. The soft-start minimizes the ringing at the input (the ringing occurs because the
parasitic inductance of the adapter cable and the input bypass capacitor form a resonant circuit). Because of the
deglitch time at power-on, if the input voltage rises rapidly to beyond the OVP threshold, the device will not
switch on at all, instead it will go into protection mode and indicate a fault on the FAULT pin.

OPERATION

The device continuously monitors the input voltage, the input current, and the battery voltage as described in
detail in the following sections.
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Input Overvoltage Protection

While the input voltage is less than Vgreg), the output voltage tracks the input voltage (less the drop due to the
Rps(on) 0f Q1). When the input voltage is between Voreg) and Voyp, the device functions as a linear regulator
and regulates the output voltage to 5.5V. If the input voltage rises above Vqyp, the internal FET Q1 is turned off,
removing power to the output. The response is rapid, with the FET turning off in less than a microsecond. The
FAULT pin is driven low. When the input voltage returns below Voyp — Viysove) (but is still above UVLO), the
FET Q1 is turned on again after a deglitch time of tonovp) to ensure that the input supply has stabilized.

Input Overcurrent Protection

The overcurrent threshold is programmed by a resistor R connected from the ILIM pin to VSS.
shows the OCP threshold as a function of Ry, and may be approximated by the following equation:
loce = 25 + Ryum) (current in A, resistance in kQ)

If the load current tries to exceed the Iocp threshold, the device limits the current for a blanking duration of
tg ank(ocp)- If the load current returns to less than lpcp before tg ankocp) times out, the device continues to
operate. However, _if the overcurrent situation persists for tg ankocp), the FET QL is turned off for a duration of
trec(ocp), @and the FAULT pin is driven low. The FET is then turned on again after tgeciocp) and the current is
monitored all over again. Each time an OCP fault occurs, an internal counter is incremented. If 15 OCP faults
occur in one charge cycle, the FET is turned off permanently. The counter is cleared either by removing and
re-applying input power, or by disabling and re-enabling the device with the CE pin.

To prevent the input voltage from spiking up due to the inductance of the input cable, Q1 is turned off slowly,
resulting in a “soft-stop”.

Battery Overvoltage Protection

The battery overvoltage threshold BVqyp is internally set to 4.35V. If the battery voltage exceeds the BVqoyp
threshold, the FET Q1 is turned off, and the FAULT pin is driven low. The FET is turned back on once the battery
voltage drops to BVoyp — Viys@owp) Each time a battery overvoltage fault occurs, an internal counter is
incremented. If 15 such faults occur in one charge cycle, the FET is turned off permanently. The counter is
cleared either by removing and re-applying input power, or by disabling and re-enabling the device with the CE
pin. For a battery overvoltage fault, Q1 is gradually switched OFF.

Thermal Protection

If the junction temperature of the device exceeds T;orr), the FET Q1 is turned off, and the FAULT pin is driven
low. The FET is turned back on when the junction temperature falls below T;orr) — TyoFr-HYS)-

Enable Function

The IC has an enable pin which can be used to enable or disable the device. When the CE pin is driven high, the
internal FET is turned off. When the CE pin is low, the FET is turned on if other conditions are safe. The OCP
counter and the Bat-OVP counter are both reset when the device is disabled and re-enabled. The CE pin has an
internal pulldown resistor and can be left floating. Note that the FAULT pin functionality is also disabled when the
CE pin is high.

Fault Indication

The FAULT pin is an active-low open-drain output. It is in a high-impedance state when operating conditions are
safe, or when the device is disabled by setting CE high. With CE low, the FAULT pin goes low whenever any of
these events occurs:

* Input overvoltage
* Input overcurrent
» Battery overvoltage
e |IC Overtemperature
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Power Down
All'IC functions OFF
FAULT = HiZ

Reset
Timers reset
Counters reset
FAULT = HiZ
FET off

Any State
if V(IN) <V (UVLO),
go to Power Down

Any State
if CE = Hi,
go to Reset

V(IN) < V(OVP) ?

Yes

VBAT < BATOVP ?

Tunon FET
FAULT = Hiz

Turn off FET
FAULT = Low

Go to Reset

Turn off FET

FAULT = Low Wait trec(ocp)

Go to Reset

Turn off FET
FAULT = Low count <157
Incr BAT counter

Turn off FET
FAULT = Low

Figure 23. Flow Diagram
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APPLICATION INFORMATION (WITH REFERENCE TO FIGURE 27)

Selection of Rgat

It is strongly recommended that the battery not be tied directly to the VBAT pin of the device, as under some
failure modes of the IC, the voltage at the IN pin may appear on the VBAT pin. This voltage can be as high as
30V, and applying 30V to the battery in case of the failure of the bq24315 can be hazardous. Connecting the
VBAT pin through Rgat prevents a large current from flowing into the battery in case of a failure of the IC. In the
interests of safety, Rgar should have a high value. The problem with a large Rgat is that the voltage drop across
this resistor, due to the VBAT bias current lgat), Causes an error in the BV threshold. This error is over and
above the tolerance on the nominal 4.35V BVgyp threshold.

Choosing RgaT in the range 100kQ to 470kQ is a good compromise. In the event of an IC failure, with Rgat equal
to 100kQ, the maximum current flowing into the battery would be (30V — 3V) + 100kQ = 246pA, which is low
enough to be absorbed by the bias currents of the system components. Rgar equal to 100kQ results in a
worst-case voltage drop of Rgar X lygary = ImV. This is negligible to compared to the internal tolerance of 50mV
on BVgyp threshold.

If the Bat-OVP function is not required, the VBAT pin should be connected to VSS.

Selection of Reg, Rpaum and Rpy

The CE pin can be used to enable and disable the IC. If host control is not required, the CE pin can be tied to
ground or left un-connected, permanently enabling the device.

In applications where external control is required, the CE pin can be controlled by a host processor. As in the
case of the VBAT pin (see above), the CE pin should be connected to the host GPIO pin through as large a
resistor as possible. The limitation on the resistor value is that the minimum Vg4 of the host GPIO pin less the
drop across the resistor should be greater than V,, of the bq24315 CE pin. The drop across the resistor is given
by Rce X I

The FAULT pin is an open-drain output that goes low during OV, OC, battery-OV, and OT events. If the
application does not require monitoring of the FAULT pin, it can be left unconnected. But if the FAULT pin has to
be monitored, it should be pulled high externally through Rp, and connected to the host through Reayit- Reault
prevents damage to the host controller if the bq24315 fails (see above). The resistors should be of high value, in
practice values between 22kQ and 100kQ should be sufficient.

Selection of Input and Output Bypass Capacitors

The input capacitor C,y in is for decoupling, and serves an important purpose. Whenever there is a
step change downwards in the system load current, the inductance of the input cable causes the input voltage to
spike up. Cy prevents the input voltage from overshooting to dangerous levels. It is recommended that a ceramic
capacitor of at least 1uF be used at the input of the device. It should be located in close proximity to the IN pin.

Cour in is also important: If a fast (< 1us rise time) overvoltage transient occurs at the input, the
current that charges Coyr causes the device’s current-limiting loop to start, reducing the gate-drive to FET Q1.
This results in improved performance for input overvoltage protection. Coyt should also be a ceramic capacitor of
at least 1pF, located close to the OUT pin. Coyt also serves as the input decoupling capacitor for the charging
circuit downstream of the protection IC.

Powering Accessories

In some applications, the equipment that the protection IC resides in may be required to provide power to an
accessory (e.g. a cellphone may power a headset or an external memory card) through the same connector pins
that are used by the adapter for charging. Figure 24 and FEigure 23 illustrate typical charging and
accessory-powering scenarios:
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AC Adapter

IN OUuT

bq24313
bq24315

Accessory

power supply

—DIS

Charger

eg.
cellphone

 torestof

“ system

Figure 24. Charging - The Red Arrows Show the Direction of Current Flow

IN OUT

bq24313
bq24315

Accessory
power supply

Charger

eg.
cellphone

 torestof

L DIS Battery

= pack

~ system

Figure 25. Powering an Accessory - The Red Arrows Show the Direction of Current Flow

In the second case, when power is being delivered to an accessory, the bq24313/bq24315 device is required to

support current flow from the OUT pin to the IN pin.

If Vour > UVLO + 0.7V, FET Q1 is turned on, and the reverse current does not flow through the diode but
through Q1. Q1 remains ON as long as Voyr > UVLO — Vyyguvio) + Rosen) X liaccessory)- Within this voltage
range, the reverse current capability is the same as the forward capability, 1.5A. It should be noted that there is
no overcurrent protection in this direction.

PCB Layout Guidelines:

» This device is a protection device, and is meant to protect down-stream circuitry from hazardous voltages.
Potentially, high voltages may be applied to this IC. It has to be ensured that the edge-to-edge clearances of

PCB traces satisfy the design rules for high voltages.

* The device uses SON packages with a PowerPAD™. For good thermal performance, the PowerPAD should
be thermally coupled with the PCB ground plane. In most applications, this will require a copper pad directly
under the IC. This copper pad should be connected to the ground plane with an array of thermal vias.

¢ Cjy and Cgyr should be located close to the IC. Other components like Ry vy and Rgar should also be

located close to the IC.
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty

BQ24313DSGR ACTIVE SON DSG 8 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

BQ24313DSGT ACTIVE SON DSG 8 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

BQ24315DSGR ACTIVE SON DSG 8 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

BQ24315DSGRG4 ACTIVE SON DSG 8 3000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

BQ24315DSGT ACTIVE SON DSG 8 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

BQ24315DSGTG4 ACTIVE SON DSG 8 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sbh/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current ROHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

® MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O 07—— Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 (mm) BO (mm) KO (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
(mm) |W1(mm)
BQ24313DSGR SON DSG 8 3000 179.0 8.4 2.2 22 12 4.0 8.0 Q2
BQ24313DSGT SON DSG 8 250 179.0 8.4 22 2.2 1.2 4.0 8.0 Q2
BQ24315DSGR SON DSG 8 3000 179.0 8.4 2.2 2.2 12 4.0 8.0 Q2
BQ24315DSGT SON DSG 8 250 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
BQ24313DSGR SON DSG 8 3000 195.0 200.0 45.0
BQ24313DSGT SON DSG 8 250 195.0 200.0 45.0
BQ24315DSGR SON DSG 8 3000 195.0 200.0 45.0
BQ24315DSGT SON DSG 8 250 195.0 200.0 45.0
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MECHANICAL DATA

DSG (S—PDSO—N8)

PLASTIC SMALL OUTLINE

2.1
%1
1,85 I’ -F
|
2,15
N B 1,85
PIN 1 INDEX AREA ]
TOP AND BOTTOM
0,80
0,70
i020 REF.
0,08 Argi;
= L1 [ [ | SEATING PLANE
o] 1@
0,00
0,40
8 0,20 > 10
AN
- T~ EXPOSED THERMAL PAD

PN

e 8x 20 [ ]0,10@[C[A]B]

0,20

4208210/A 08,/06

NOTES:

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—Leads (QFN) package configuration.

A\ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

E. Falls within JEDEC MO-229.

A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
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l{'}‘ Texas THERMAL PAD MECHANICAL DATA
T ENT:
M ticom DSG (S—PDSO-N8)

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
Quad Flatpack No—Lead Logic Packages, Texas Instruments Literature No. SCBAO17. This document is available

at www.ti.com.
The exposed thermal pad dimensions for this package are shown in the following illustration.

| 4
0.90+0.10 — U U U U —— Exposed Thermal Pad
A

]
[ ]
[ ]
=

1,60£0,10

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4208347/8 10/07




LAND PATTERN

DSG (S—PDSO—N8) — Minimized Design

Example Board Layout Example Stencil Design
0.125mm Stencil Thickness
(Note E)

o —t—— s
00g-—  0po0.

22141 O O 0,70 1,4 2,4

¢ | oy
LI L] % o

637% Printed solder coverage on center pad

Non Solder Mask Defined Pad Center Pad Layout
(Note D)

I — ,‘,6 ——

2x80,3— *
E \
Solder Qg?kpgpemmg \t) O 0,9

(Note F) *

Pad Geometry
(Note C)

—— 0,8 |—

4208774 /A 07/07

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, QFN

Packages, Texas Instruments Literature No. SCBAO17, SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for solder mask tolerances.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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