
Overview
For battery pack protectors using the bq2058,
BENCHMARQ recommends a Schottky diode in series
with the bq2058’s power rail. This additional component
allows correct operation in case of a severe overload, such
as a catastrophic short circuit. Early BENCHMARQ de-
signs show the diode (D1) placed in series with Vcc (Fig-
ure 3). However, this circuit is susceptible to false
overcurrent shutdown if significant voltage transients ap-
pear across the battery terminals. Moving the Schottky
diode to the bq2058’s Vss rail (Figure 5) dramatically im-
proves the protector’s susceptibility to false overcurrent
shutdown. This simple change dramatically improves the
performance of the circuit without adding cost.

Introduction
A typical 18650 Li-Ion cell has more than 100nH of series
inductance, as determined from the impedance curve in
Figure 1. High di/dt through this inductance can create
significant voltage transients at the battery terminals.
Transients are produced, for example, if the battery is in-
serted into a system and engages bouncing battery con-
tacts to charge a capacitative load. Since a discharged
capacitor appears as a momentary short circuit, its effect
on the battery pack can be demonstrated by brushing the
pack terminals together. As shown in Figure 2, a 2S-1P
Li-Ion battery (18650 cells) experiences significant under-
shoot and overshoot of its terminal voltage. These tran-
sients can trigger an overcurrent shutdown of the
discharge FET in a pack protector as shown in Figure 3.
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Figure 1. Typical 18650 Li-Ion Battery Impedance
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Notes:

1. For automatic short circuit recovery.
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Figure 3. Earlier bq2158 3- to 4-Cell Li-Ion Protector
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Figure 2. Voltage Transient Across a 2S-1P Li-Ion Battery



Circuit Operation
Excessive voltage between BAT1P and Vcc can corrupt
the internal 160mV voltage reference of the bq2058’s
high-side current comparator. This condition occurs if the
battery voltage collapses because D1 decouples BAT1P
from Vcc. Overcurrent shutdown of the discharge FET
occurs if the reference voltage, implemented as a
switched capacitor circuit, fails to recover before the OCD
timer expires. Figure 4 shows a collapse in the bottom
cell voltage of a 3-cell protector triggering an overcurrent
shutdown of the circuit in Figure 3. A signal generator
with a DC offset simulates the bottom cell, while the top
two cells are Li-Ion cells.

Can D1 be removed to reduce susceptibility to voltage
transients? Yes, but D1 is also needed to guarantee pro-
tector operation in the case of a severe overload. A severe
overload, such as a short circuit at the pack terminals,
can collapse the battery voltage below the operating volt-
age of the bq2058. Loss of power to the bq2058 makes
control of the charge and discharge FETs impossible and
may cause their destruction. D1 ensures continued oper-
ation in a severe overload by allowing C9 to power the
bq2058. Collapse of battery voltage causes a reverse bias
in D1, preventing the load from discharging C9.

VOUT is greater than zero volts when overcurrent shut-
down occurs because the automatic short-circuit recovery
circuit places a 6.98K resistor, R2, in series with the load.

Circuit Solution
BENCHMARQ recommends the protector implementa-
tion in Figure 5 because of its increased immunity to
false overcurrent shutdown. This implementation is
identical to the circuit in Figure 3, except that D1 is in
series with the bq2058’s Vss rail. The circuit retains its
ability to function properly in case a severe overload col-
lapses the battery voltage.

The combined DC voltage across R1 and D1 is less than
0.6V to prevent turn-on of the bq2058’s substrate diode.
To meet this criterion, a Schottky diode is selected for D1
because of its low forward voltage.
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Figure 4. Over-Current Shutdown Induced by a Voltage Transient
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Figure 5. Improved bq2158 3- to 4-Cell Li-Ion Protector
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are utilized to the extent
TI deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI’s publication of information regarding any third
party’s products or services does not constitute TI’s approval, warranty or endorsement thereof.
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