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L6924U

USB compatible battery charger system
with integrated power switch for Li-lon/Li-Polymer

Features

Fully integrated solution, with power MOSFET,
reverse blocking diode, sense resistor, and
thermal protection

Charges single-cell Li-lon batteries from
selectable AC adapter or USB input

Programmable charge currentupto 1 Ain AC
adapter mode

Programmable charging current in USB mode
for both high power and low power inputs

4.2 V output voltage with + 1 % accuracy

VFQFPN16

Linear or quasi-pulse operating mode
Closed loop thermal control
Programmable end-of-charge current
Programmable charge timer

(NTC) or (PTC) thermistor interface for battery
temperature monitoring and protection

Status outputs to drive LEDs or to interface
with a host processor

Small VFQFPN 16-leads package (3 x 3 mm)

Applications

PDAs, GPS and MPS3 players
USB powered devices
Cellular phones

Digital still cameras
Standalone chargers
Wireless appliances

Table 1. Device summary

Order codes Package

Packaging

L6924U013
VFQFPN16

L6924U013TR

Tube

Tape and reel
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Description L6924U

1 Description

The L6924U is a fully monolithic battery charger that safely charges single-cell Li-
lon/Polymer battery from either an USB power source or an AC adapter. In USB mode, the
L6924U supports both low power and high power mode. Alternatively the device can charge
from an AC wall adapter. The ideal solution for space-limited portable products integrates
the power MOSFET, reverse blocking diode, sense resistor and thermal protection into a
compact VFQFPN16 package. When an external voltage regulated adapter or USB port is
used, the L6924U works in linear mode, and charges the battery in a constant current
constant voltage (CC/CV) profile. Moreover, when a current-limited adapter is used, the
device can operate in quasi-pulse mode, dramatically reducing the power dissipation.
Regardless of the charging approach, a closed loop thermal control avoids device
overheating. The device has an operating input voltage ranging from 2.5 Vto 12 V and it
allows the user to program many parameters, such as fast-charge current, end-of-charge
current threshold, and charge timer. The L6924U offers two open collector outputs for
diagnostic purposes, which can be used to either drive two external LEDs or communicate
with a host microcontroller. Finally, the L6924U also provides other features like gas gauge
function, check for battery presence, and monitors and protects the battery from unsafe
thermal conditions.

Figure 1. Minimum size application board
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Figure 2. Basic application schematic

Li-Ion battery

oL
I

)

R1

4/37 Doc ID 14716 Rev 2 KYI




L6924U Pin description

2 Pin description
Figure 3. Pin connection (top view)
I« Iysg MODE I,
e || U UL
Vi L | Vigr
Visws :| | Vour
ST2 N | Vosns
ST1 :l | ISEL
Tope GND SD TH
2.1 Pin description
Table 2. Pin functions
Pin /0 Name Pin description
1 | ViN Input pin of the power stage.

Supply voltage pin of the signal circuitry.
2 | Vinsns | The operating input voltage ranges from 2.5 V to 12V, and the
start-up threshold is 4 V.

3-4 O ST,-ST4 | Open-collector status pins.

Maximum charging time program pin.
It must be connected with a capacitor to GND to fix the maximum

5 ! TeRa charging time, see Chapter 7.7: Maximum charging time on
page 21.
6 - GND | Ground pin.

Shutdown pin.
7 | SD When connected to GND enables the device; when floating
disables the device.

Temperature monitor pin.

It must be connected to a resistor divider including an NTC or PTC
8 | TH resistor. The charge process is disabled if the battery temperature
(sensed through the NTC or PTC) is out of the programmable
temperature window see Chapter 8.1: NTC thermistor on page 23.
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Table 2. Pin functions (continued)
Pin /0 Name Pin description
Switches between high power USB (lygg up to 500 mA) and low
power USB (Iygp,s) in USB mode. A low level sets the L6924U in
9 | ISEL |low power mode and a high level sets the L6924U in high power
mode. When the AC mode is selected, the ISEL pin must be
connected to ground or left floating.
Output voltage sense pin.
10 | Vosns .
It senses the battery voltage to control the voltage regulation loop.
11 (0] Vout | Output pin. (connected to the battery)
12 o Vger | External reference voltage pin. (reference voltage is 1.8 V + 2 %)
Charge termination pin.
A resistor connected from this pin to GND sets the charge
13 I/0 lenp | termination current threshold IgnpTh: if Ichg < lenpTH, the charge
process ends. The voltage across the resistor is proportional to the
current delivered to the battery (gas gauge function).
Selects pin AC adapter or USB port input modes. A high level sets
14 | MODE the L6924U in USB mode while a low level sets the L6924U in the
AC adapter mode. When the AC adapter input is selected, the ISEL
pin status does not affect the current set.
Charge current program pin in USB mode: a resistor connected
15 | | from this pin to ground sets the fast charge current value (Iygg up to
USB | 500 mA) with an accuracy of 7 %. The USB high power/low power
mode is selected with the ISEL pin.
Charge current program pin in AC mode: a resistor connected from
16 | Iac this pin to GND sets the fast charge current value (Iac up to 1 A)

with an accuracy of 7 %.
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3

Maximum ratings

Stressing the device above the rating listed in the “absolute maximum ratings” table may
cause permanent damage to the device. These are stress ratings only and operation of the
device at these or any other conditions above those indicated in the operating sections of

this specification is not implied. Exposure to absolute maximum rating conditions for

extended periods may affect device reliability. Refer also to the STMicroelectronics sure
program and other relevant quality documents.

Table 3. Absolute maximum ratings
Symbol Parameter Value Unit
ViN Input voltage -0.3to 16 \
Vinsnss SD Input voltage -0.3to V| \"
Vout Vosns Output voltage -0.3t0 5 \
ISEL, MODE Input voltage -0.3t0 6 \Y%
ST1, ST2 Output voltage -0.3to V| \
Output current 30 mA
Vrer TH, lenps
Iac: luse: Trra: -0.3to 4 Y%
GND
Maximum withstanding voltage range test condition:
All pins CDFAEC-Q100-002- “human body model” +2 kv
acceptance criteria: “normal performance’
Table 4. Thermal data
Symbol Parameter Value Unit
Rinia Thermal resistance junction to ambient (1) 75 °C/W
Tsta Storage temperature range - 55 t0 150 °C
T, Junction temperature range -40to 125 °C
ProT Power dissipation at T =70 °C 0.67 W
1. Device mounted on demonstration board
Doc ID 14716 Rev 2 7/37




Electrical characteristics L6924U
4 Electrical characteristics
T,=25°C, V|y =5V, unless otherwise specified.
Table 5. Electrical characteristics
Symbol Parameter Test condition Min. Typ. Max. Unit
™) Operating input voltage 25 12 \
\Y
N Start up threshold 41 \
Charging mode (Rpgrg = 24 kQ) 1.8 25 mA
N (1) Supply current
Shutdown mode (Rprg = 24 kQ) 60 80 A
Shutdown mode (RpRrg = 24 kQ) 500 nA
Isink Current flowing from Voyr Stand by mode (Rpgg = 24 kQ) 500 A
(ViN=2.5V < VparTERY)
VouTt (1) | Battery regulated voltage 4.16 4.2 4.24 \
| Charge current with AC MODE at GND, Rprg = 24 kQ 450 490 525 mA
AC ;
adapter input MODE at GND, Rpgg = 12 kQ 905 | 975 | 1045 | mA
I\R/IODE at H_Igl‘-il,(gI)SEL at HIGH, 450 490 505
| Charge current with USB PRG-USB = A
B .
vSE  Jinput MODE at HIGH, ISEL at LOW, 6 | o5 | 105
RpRrg-use =2 4 kQ
- i MODE at GND,
lpRE AG Fre charge current with AC a 41 49 56 mA
~ input Rac =24 kQ
Pre-charge current with USB MODE at HIGH, ISEL at HIGH 41 49 56 mA
input (high power mode) Rusg = 24 kQ
lPRE_USB )
Pre-charge current with USB | MODE at HIGH, ISEL at LOW
. 7.6 9.6 114 mA
input (low power mode) Rusg = 24 kQ
VpretH | Pre-charge voltage threshold 2.9 3.0 3.1 \
lenoTH | Termination current Renp = 3.3 kQ 12 16 20 mA
@) . . . CTPRG =10 nF
TmAXCH Maximum charging time Rllpna] = 24 kO 3 hours
) | Maximum charging time Ctprg=5.6nF o
TmaxcH accuracy Rppa = 24 kQ 10 %
Shutdown threshold high 2
SDtH
Shutdown threshold low 0.4
ST1,2 Output status sink current Status on 10 mA
MODE threshold high 1.3 \
MODEtH
MODE threshold low 0.4 \
ISEL threshold high 1.3 \
ISELTH
ISEL threshold low 0.4 \
8/37 Doc ID 14716 Rev 2 1S7]




L6924U Electrical characteristics

Table 5. Electrical characteristics (continued)
Symbol Parameter Test condition Min. Typ. Max. Unit
Rbs(on) gg)wer MOSFET resistance Charge current = 500 mA 280 380 mQ
NTC pin hot threshold 10 125 15 %Vrer
voltage
TH :
NTC pin cold threshold 40 50 60 %Vrgr
voltage

1. T,from-40 °Cto 125 °C
2. Guaranteed by design
3. Device working in quasi pulse mode

IYI Doc ID 14716 Rev 2 9/37
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Block diagram

Block diagram

Figure 4.
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Operation description

The L6924U is a fully integrated battery charger that allows a very compact battery
management system for space limited applications. It integrates in a small package all the
power elements: power MOSFET, reverse blocking diode and the sense resistor.

It normally works as a linear charger when powered from an external voltage regulated
adapter or USB port.

However, thanks to its very low minimum input voltage (down to 2.5 V) the L6924U can also
work as a quasi-pulse charger when powered from a current limited adapter. To work in this
condition, it is enough to set the device’s charging current higher than the adapter’s one
(Chapter 6.2: Quasi-pulse mode on page 14). The advantage of the linear charging
approach is that the device has a direct control of the charging current and so the designer
needn’t to rely on power source. However, the advantage of the quasi-pulse approach is that
the power dissipated inside the portable equipment is dramatically reduced.

The L6924U charges the battery in three phases:

® Pre-charge constant current: in this phase (active when the battery is deeply
discharged) the battery is charged with a low current (internally set to 10 % of the fast-
charge current).

® Fast-charge constant current: in this phase the device charges the battery with the
maximum current (I5c for AC adapter mode, lygg for USB mode).

@ Constant voltage: when the battery voltage reaches the selected output voltage, the
device starts to reduce the current, until the charge termination is done.

The full flexibility is provided by:

® Programmable fast-charging current (Iac or lysg) (Chapter 7.3 on page 18).

® Programmable end of charge current threshold (IenpTH) (Chapter 7.4 on page 20).
® Programmable end of charge timer (Tyaxcn) (Chapter 7.7 on page 21).

If a PTC or NTC resistor is used, the device can monitor the battery temperature in order to
protect the battery from operating under unsafe thermal conditions.

Beside the good thermal behavior guaranteed by low thermal resistance of the package,
additional safety is provided by the built-in temperature control loop. The IC monitors
continuously its junction temperature. When the temperature reaches approximately 120 °C,
the thermal control loop starts working, and reduces the charging current, in order to keep
the IC junction temperature at 120 °C.

Two open collector outputs are available for diagnostic purpose (status pins ST1 and ST2).
They can be also used to drive external LEDs or to interface with a microcontroller. The
voltage across the resistor connected between Ignp and GND gives information about the
actual charging current (working as a gas gauge), and it can be easily fed into a
microcontroller ADC.

Battery disconnection control is provided thanks to the differentiated sensing and forcing
output pins. A small current is sunk and forced through Voyr. If Vogng doesn’t detect the
battery, the IC goes into a standby mode.

Figure 5 on page 12 shows the real charging profile of a Li-lon battery, with a fast charge
current of 450 mA (R, or R, = 26 kQ)).
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Figure 5. Li-lon charging profile
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Linear mode

When operating in linear mode, the device works in a way similar to a linear regulator with a
constant current limit protection.

It charges the battery in three phases:

® Pre-charging current ("pre-charge" phase).

® Constant current ("fast-charge" phase).

® Constant voltage ("voltage regulation" phase).

Vapp is the output voltage of the upstream AC-DC adapter that is, in turn, the input voltage
of the L6924U. If the battery voltage is lower than the default pre-charge voltage (VpreTH)

the pre-charge phase takes place. The battery is pre-charged with a low current, internally
set to 10 % of the fast charge current.

When the battery voltage goes higher than VpreTh, the battery is charged with the fast
charge current (Igg or Iac according to the selection of the MODE pin).

Finally, when the battery voltage is close to the regulated output voltage (4.2 V), the voltage
regulation phase takes place and the charging current is reduced. The charging process
ends when the charging current reaches the programmed value (lgnpTH) OF when the
charging timer expires.

Figure 6 shows the different phases.
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Figure 6. Typical charge curves in linear mode
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The worst case in power dissipation occurs when the device starts the fast-charge phase. In
fact, the battery voltage is at its minimum value. In this case, there is the maximum
difference between the adapter voltage and battery voltage, and the charge current is at its
maximum value.

The power dissipated is given by the following equation:
Equation 1

Prois =Vapp =Viar) X L ey

The higher the adapter voltage is, the higher the power dissipated is. The maximum power
dissipated depends on the thermal impedance of the device mounted on board.
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Quasi-pulse mode

The quasi-pulse mode can be used when the system can rely on the current limit of the
upstream adapter to charge the battery. In this case, the fast charge current must be set
higher than the current limit of the adapter. In this mode, the L6924U charges the battery
with the same three phases as in Linear Mode, but the power dissipation is greatly reduced
as shown in Figure 7.

Figure 7. Typical charge curves in quasi pulse mode
Pre-Charge Fast-Charge Voltage Regulation End
Phase Phase Phase Charge
Adapter Voltage
VAI)P
T .
orret Battery Voltagé
v N o { < Ilim x Rdson

PRETH
ICHG
ILIM

Charge Current
IPRETH

Power dissipation

The big difference is due to the fact that the charge current is higher than the current limit of
the adapter. During the fast-charge phase, the output voltage of the adapter drops and goes
down to the battery voltage plus the voltage drop across the power MOSFET of the charger,
as shown in the following equation:

Equation 2

Vin = Vapp = Veat + AVos
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Operation description

Where AV\os is given by:

Equation 3

AVMOS - RDS(ON) x ILIM

Where,
ILim = current limit of the wall adapter, and Rpgon) = resistance of the power MOSFET.

The difference between the programmed charge current and the adapter limit should be
high enough to minimize the Rpgon) value (and the power dissipation). This makes the
control loop completely unbalanced and the power element is fully turned on.

Figure 8 shows the Rpgon) values for different output voltages and charging currents for an
adapter current limit of 500 mA.

Figure 8. Rpg(on) cUrves vs. charging current and output voltage
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Neglecting the voltage drop across the charger (AVy,0s) When the device operates in this
condition, its input voltage is equal to the battery one, and so a very low operating input
voltage (down to 2.5 V) is required. The power dissipated by the device during this phase is:

Equation 4

2
PcH =Rbps(on) *ILim

When the battery voltage approaches the final value, the charger gets back the control of
the current, reducing it. Due to this, the upstream adapter exits the current limit condition
and its output goes up to the regulated voltage Vapp This is the worst case in power
dissipation:
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Equation 5

Pbis = (Vapp — VBAT) xILim

In conclusion, the advantage of the linear charging approach is that the designer has direct
control of the charge current, and consequently the application can be very simple. The
drawback is the high power dissipation.

The advantage of the quasi-pulse charging method is that the power dissipated is
dramatically reduced. The drawback is that a dedicated upstream adapter is required.

Doc ID 14716 Rev 2
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7.1

Applications information: charging process

Figure 9. Charging process flow chart
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Pre-charge phase

The L6924U allows pre-charging the battery with a low current when the battery is deeply

discharged.
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The battery is considered deeply discharged when its voltage is lower than a threshold
(VpReTH), internally set to 3 V.

During the pre-charge phase, the current (IprecH) has a default value equal to 10 % of the
fast-charge current.

A safety timer is also present. If the battery voltage does not rise over Vpggry within this
time, a fault is given (Chapter 7.7: Maximum charging time on page 21).

If at the beginning of the charge process, the battery voltage is higher than the Vpggth, the
pre-charge phase is skipped.

AC or USB mode

The L6924U can charge batteries from both an AC adapter and USB inputs.
The power supply type can be chosen by driving the MODE pin.

A low level sets the L6924U in AC mode. The fast charge current is determined by the
resistor connected to the I5¢ pin (Chapter 7.3: Fast charge phase), regardless of the resistor
connected to lgp.

On the other hand, a high level at the MODE pin sets the L6924U in USB mode. The fast
charge current is determined by the resistor connected to the Iygg pin (Chapter 7.3: Fast
charge phase), regardless of the resistor connected to Ipc.

Figure 10. MODE pin selection

Sets the fast charge current

/

Sets the fast charge current

L6924U L6924U

AC adapter mode USB mode

Fast charge phase

When the battery voltage reaches the pre-charge voltage threshold (VpretH), the L6924U
enters the fast-charge phase.

In this phase the device charges the battery with a constant current, whose value can be set
by external resistors connected to |5 pin (AC adapter mode selected) or to I gg pin (USB
mode) with an accuracy of 7 %.

In AC adapter mode (MODE pin low), the resistor Ry can be calculated as:
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Equation 6

V,
Rac = (ILGJ ‘Kpra
AC

Where Vpgg is the internal reference equal to 1.23 V, whereas KpRg is a constant equal to
9500.

Figure 11. I5c pin connection

L6924U R,.

In USB mode (MODE pin high), the Rygg resistor can be selected as:

Equation 7

V,
RUSB = (ILGJ : KPRG
usB

Where Vg and Kpgrg have the same meaning and value above mentioned.
The charge current in USB mode depends on Rygg as well as the state of the ISEL pin.

When this pin is high, the “high-power” USB mode is selected and the charge current is
determined by the equation 7.

The charge current in USB mode should be set in accordance with the typical USB current
capability (up to 500 mA). If ISEL is low, the “low-power” USB mode is selected and the
charge current is a fifth of the high-power USB mode charge current (up to 100 mA)

During low power USB mode operation, since the charge current is reduced by one fifth, the
maximum charging time is proportionally increased (Section 7.7: Maximum charging time).

Figure 12. lygg pin connection

IUSB
L6924U

low-power USB mode high-power USB mode

Regardless of the operation mode (AC adapter or USB), during the fast-charge phase the
battery voltage increases until it reaches the programmed output voltage (4.2 V). A safety
timer is also present. If the Fast-charge phase does not finish within the programmed time
(see Chapter 7.7: Maximum charging time on page 21), a fault is given.
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7.4 End-of-charge current

When the charge voltage approaches the battery regulated voltage (internally set to 4.2 V),
the voltage regulation phase takes place. The charge current starts to decrease until it goes
below a programmable termination current, IgnpTh- This current can be selected by an
external resistor connected between the Igyp pin and GND Figure 13, whose value can be
calculated as:

Equation 8

Renp = Vv x[ Keno j |

Figure 13. Igpnp pin connection

IEND

L69240 Ry

Where Kgyp is 1050 and Vi is 50 mV.

When the charge current goes below IgypTH, after a deglitch time, the status pins notify the
end of charge and the charge process ends.

This de-glitch time is expressed as:

Equation 9

T - Tyaxcy
DEGLITCH 220

where TMAXCH is the maximum charging time. (Chapter 7.7 on page 21)

Ienp PiN is also used to monitor the charge current, because the current injected in Rgyp is
proportional to the charge current. The voltage across Rgyp can be used by a
microcontroller to check the charge status like a gas gauge.
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7.5 Recharge flow chart
Figure 14. Recharge flow chart
DETECT LOW = a |, is sunk fora Ty from the battany
DETECT HIGH = a |y, is injected for a Ty, g in the batteny
DETECT LW FAULT = a ISIMK is sunk fora TOET fromthe batteny
DETECT HIGH FAULT = a lIMJ iz injected for a TOET in the batteny
Yopg = 415
Wy = 408
Togr = 100m= (Typ.)
lang= hwg = TmATwp )
7.6 Recharge threshold
When, from an end-of-charge condition, the battery voltage goes below the recharging
threshold (Vrcp), the device goes back in charging state. The value of the recharge
threshold is 4.05 V.
7.7 Maximum charging time
To avoid the charging of a dead battery for a long time, the L6924U has the possibility to set
a maximum charging time starting from the beginning of the fast-charge phase. This timer
can be set through a capacitor, connected between the Tprg pin and GND. CypRrg is the
external capacitor (in nF) and is given by the following equation:
Equation 10
( TMAXCH VBG W
Ky Rpg |
CTPRG | : e x 109 ‘
L VREF J
Note: The maximum recommended Crpgg value must be less than 50 nF.

574
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Figure 15. Tpgrg pin connection
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Where,

RpRrg = resistor which sets the current (Rygg or Rac)
Veep=1.8YV,

Kt =279 x 10°,

Vgg =1.23V, and

TmaxcH is the charging time given in seconds.

If the battery does not reach the end-of-charge condition before the timer expires, a fault is
issued.

Also during the pre-charge phase there is a safety timer, given by:

Equation 11

TMAXPRECH = g X TMAXCH

If this timer expires and the battery voltage is still lower than VpreTh, a fault signal is
generated, and the charge process finishes.

When the device is charged in low power USB mode, in order to take into account the
reduced charge current, the maximum charging time is proportionally increased (five times
the maximum charging time calculated with Rygg).
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Application information: monitoring and protection

The L6924U uses a VFQFPN (3 x 3 mm) 16-pin package with an exposed pad that allows
the user to have a compact application and good thermal behavior at the same time. The
L6924U has a low thermal resistance because of the exposed pad (approximately
75 °C/W, depending on the board characteristics). Moreover, a built-in thermal protection
feature prevents the L6924U from having thermal issues typically present in a linear charger.

Thermal control is implemented with a thermal loop that reduces the charge current
automatically when the junction temperature reaches approximately 120 °C. This avoids

further temperature rise and keeps the junction temperature constant. This simplifies the
thermal design of the application as well as protects the device against over-temperature
damage.

Figure 16 shows how the thermal loop acts (dotted lines), when the junction temperature
reaches 120 °C.

Figure 16. Power dissipation in both linear and quasi pulse modes with thermal loop
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8.1 NTC thermistor

The device allows designers to monitor the battery temperature by measuring the voltage
across an NTC or PTC resistor. Li-lon batteries have a narrow range of operating
temperature, usually from 0 °C to 50 °C. This window is programmable by an external
divider which is comprised of an NTC thermistor connected to GND and a resistor
connected to Vgegr When the voltage on the TH pin exceeds the minimum or maximum
voltage threshold (internal window comparator), the device stops the charge process, and
indicates a fault condition through the status pin.
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When the voltage (and thus, the temperature), returns to the window range, the device re-

starts the charging process. Moreover, there is a hysteresis for both the upper and lower
thresholds, as shown in Figure 18.

Figure 17. Battery temperature control flow chart
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Figure 18. Voltage window with hysteresis on TH
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When the TH pin voltage rises and exceeds the V) ntH = 50 % of Vreg (900 mV typ), the
L6924U stops the charge, and indicates a fault by the status pins. The device re-starts to
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charge the battery, only when the voltage at the TH pin goes under VyyntH Hys = 780 mV
(typ)-

For what concerns the high temperature limit, when the TH pin voltage falls under the
VmaxTtH = 12.5 % of Vree (225 mV Typ.), the L6924U stops the charge until the TH pin
voltage reaches the ViyaxtH_Hys = 248 mV (typ.).

When the battery is at the low temperature limit, the TH pin voltage is 900 mV. The correct
resistance ratio to set the low temperature limit at 0 °C can be found with the following
equation:

Equation 12

RNTC0°C

Vianrr = Virer R R
vp T Byreoec

Where Ryp is the pull-up resistor, Vggr is equal to 1.8 V, and Ryrcgec is the value of the
NTC at 0 °C. Since at the low temperature limit VpyntH = 900 mV:

Equation 13

0.9:1.8xm

upr + RNTCO°C

It follows that:
Equation 14

Ryrcoc = Ryp
Similarly, when the battery is at the high temperature limit, the TH pin voltage is 225 mV. The
correct resistance ratio to set the high temperature limit at 50 °C can be found with the
following equation:

Equation 15

R
_ NTC50°C
Visaxrer =Ver %

RUP + RNTC50°C

Where Rytcsooc is the value of the NTC at 50 °C. Considering ViyaxtH = 225 mV it follows
that:

Equation 16
R o
0.225 =1.8x —ME0°C___
UP + RNTC50°C
Consequently:
Equation 17
R
Ryrespe = ,;]P
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