Maxim > Design Support > Technical Documents > Application Notes > Analog Switches and Multiplexers > APP 3191
Maxim > Design Support > Technical Documents > Application Notes > Microprocessor Supervisor Circuits > APP 3191

Keywords: battery charging, watchdog timer, protection, switch, reset, supervisor, PWM circuit
APPLICATION NOTE 3191

Protecting Against Shorts Between a Battery and
the PWM Wall Cube Charging Supply
Jun 25, 2004
Abstract: This appnote provides a simple solution to prevent damage in a cell-phone's battery-charging
system should the baseband processor lock up. The circuit monitors the processor and intervenes to
prevent a short between the battery and the PWM charger supply.
A mobile phone's battery charging chores are handled in part by its baseband controller, which includes
a proprietary charging algorithm. This algorithm generates a PWM signal that controls Q2, the low-onresistance p-channel MOSFET shown in Figure 1. This transistor connects a wall cube present at the
Charger Input terminal to the battery. In order to reduce power dissipation and thermal problems within
the phone, the wall cube includes a current limit specified to meet the requirements of the battery's
specific chemistry and the time period in which the battery must be fully recharged.

Figure 1. Battery charging is controlled by the baseband µP. If the µP stalls, the chances of damaging
the battery by overcharging are high.
This charging scheme can present a problem if the baseband processor locks up. Damage can occur if
the charger is connected directly to the battery for any length of time. What is needed is a simple add-on
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circuit that monitors the PWM input and disables the series power switch if the PWM input is inactive for
more than a predetermined period of time. Ideally, this circuit protection should operate independently of
the processor, and be capable of restarting should the PWM signal return.
In the circuit of Figure 2, a MAX6321-HPUK30-CY power-on reset plus watchdog device (IC1) gates the
PWM input with a MAX4514-CUK normally open SPST analog switch (IC2). R4, D2, and C1 protect the
two ICs when the wall cube places excessive voltage on the Vcc line. Because the quiescent current of
the additional circuit is very low (30µA), the choice of R4 is non-critical. R4 is chosen to provide just
enough current to activate the "knee" characteristic in the zener diode (0.5mA). When the charger is
unplugged, no power reaches the protection circuit, and thus it doesn't burden the battery.

Figure 2. Adding IC1and IC2 provides battery protection in the event that the processor stalls.
The RESET/ output is used to produce a CHARGER READY/ interrupt signal. When high, this signal
permits the baseband controller CPU to operate, causing the PWM signal to be activated. The opendrain structure of RESET/ allows it to connect to another part of the circuit operating from the same or a
different supply voltage. Thus when the charger isn't required, the watchdog and PWM circuit are
powered down.
The sequence of events begins with an active charger connected to the charger input socket. When the
supply voltage on Vcc reaches above 3V (for the version of the MAX6321 whose part number includes "30"), the Reset period begins. Two hundred milliseconds later, Reset/ goes high, closing the SPST
analog switch and routing the PWM input to Q1 via R1. At the same time, the watchdog input goes
active and monitors the PWM input. If a transition, either positive or negative, is not received at WDI
within 1.6secs, RESET/ becomes active, disabling the PWM input, and pausing the charger algorithm via
the CPU interrupt (Charger Ready Signal).
Both ICs are available in 5-lead SOT23 packages, and thus the additional space required by the
protection circuit is minimal.
Figures 3 and 4 show the timing relationships between incoming charger supply, Reset and Watchdog.

Page 2 of 4

Figure 3. Reset timing relationship.

Figure 4. Watchdog input timing relationship.
Vcc is the charger input supply. When the charger supply is connected and rising through 3V, the
MAX6321 enters the Reset period trp. Charging is disabled during this period. At Reset timeout, charging
is enabled when the baseband PWM signal is connected to the series power switch.
The Watchdog input monitors the incoming baseband PWM charging control signal at the end of the
Reset timeout period. If no activity is detected by the Watchdog input, the Reset timeout period is
activated, and the sequence begins again. In this way, while the charger is connected, the battery is
checked every 1.8s; when the baseband PWM signal becomes active, the series power switch is again
enabled, allowing the PWM signal to determine the duty cycle by which the charger connects to the
battery.
Related Parts
MAX4514

Low-Voltage, Low-On-Resistance, SPST, CMOS Analog
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5-Pin µP Supervisory Circuits with Watchdog and Manual
Reset
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