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Introduction
The LTC4054 is a constant-current/
constant-voltage linear battery charger 
with an internal power MOSFET in 
a tiny ThinSOT package. Most linear 
chargers risk temporary, excessive 
power dissipation and possible 
overheating, but the LTC4054 uses 
internal thermal feedback to regulate 
the charge current and limit the die 
temperature to 120°C. This feature 
allows the designer to program the 
LTC4054 to higher charge currents 
with the assurance that the LTC4054 
will not overheat and damage itself or 
other components. This article shows 
how to use the LTC4054 to maximize 
the thermally regulated charge current 
to reduce battery charging times.

The LTC4054 includes other 
desirable features that save space 
and reduce circuit costs. It does not 
require an external sense resistor or 
blocking diode because of its internal 
MOSFET architecture. The automatic 
charge termination feature allows the 
LTC4054 to act as a standalone Li-
Ion battery charger. A charge status 
output pin indicates the state of 
the battery charger. It also includes 
undervoltage lockout protection, low-
battery charge conditioning, a charge 
current monitor pin, and automatic 
recharge. Furthermore, the LTC4054 
is capable of operating from a USB 
power supply.

Thermal Considerations
The thermal feedback loop of the 
LTC4054 regulates the die tem-
perature to approximately 120°C by 
automatically reducing the charge 
current as the IC heats up. It follows 
that to maintain high charge currents 
(and correspondingly shorter charge 
times), heat must be efficiently trans-
ferred away from the LTC4054. The key 
quantity is the thermal resistance from 

the die to the PC board to ambient air 
(see sidebar).

The thermal resistance of the 
LTC4054 package is dependent on 
board layout. Since the majority of 
the heat generated by the IC flows 

through the copper lead frame and 
out the package leads (especially the 
ground lead), the board designer can 
use the PCB copper as a heat sink to 
improve the thermal characteristics. 
By soldering the leads (particularly 
the ground lead) to wide copper pads 
that expand out to larger copper areas, 
the heat from the IC will more easily 
dissipate to the surrounding ambient. 
Feedthrough vias to inner or backside 
copper ground planes further improve 
the thermal resistance. Other sources 
of heat dissipation on the board should 
be considered during PCB layout, 
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Thermal Resistance Calculation
The following example calculates the maximum thermal resistance (θJA) al-
lowed to charge a battery at 800mA assuming typical charge conditions. The 
thermal resistance is defined as the steady state difference in temperature 
between ambient and the silicon junction given a certain amount of power 
dissipation in the silicon. Since the majority of the power dissipation on the 
die comes from the internal MOSFET, the power is calculated to be:

P I V VBAT CC BAT= • ( )–

where IBAT is the charging current, VCC is the VCC pin voltage, and VBAT is 
the BAT pin voltage. In this example, we will assume a nominal battery 
voltage of 3.7V, a 5V typical operating voltage, and an ambient temperature 
of 25°C.

The silicon junction temperature is calculated by the following for-
mula:

T T P T I V VJ A JA A JA BAT CC BAT= + • = + • • ( )θ θ –

TJ is the junction temperature and TA is the ambient temperature. The 
LTC4054 charges at the programmed charge current as long as the power 
dissipation does not generate enough heat to raise the junction temperature 
above its thermal regulation point of 120°C: 
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Assuming typical charge conditions, charging at 800mA requires a ther-
mal resistance of less than 91°C/W. If the thermal resistance is too great, 
the LTC4054 automatically reduces the charge current (IBAT) to maintain 
a constant die temperature of 120°C.

Figure 1. Standalone 800mA Li-Ion battery 
charger with external power dissipation
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because they can increase the ambi-
ent temperature (TA) and reduce the 
maximum charge current. 

800mA Charger Circuit
Another method of maximizing charge 
current is to dissipate some of the 
power in an external component, thus 
reducing the power dissipation on the 
die. Figure 1 shows how the LTC4054 
can provide a complete standalone 
lithium-ion charger solution using 
few external components.

The external resistor Rcc is used 
to dissipate 160mW of the charger’s 
total power dissipation, enabling the 
LTC4054 to thermally regulate at 
higher charge currents. Because the 
power is dissipated in an external com-
ponent that also uses the PC board as 
its heat sink, the temperature of the 
die is reduced.

When this circuit is programmed 
to charge at 800mA, the voltage on 

the VCC pin drops to 4.8V. With a 
nominal battery voltage of 3.7V and 
an ambient temperature of 25°C, the 
LTC4054 enters thermal regulation 
when (see sidebar):
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The thermal resistance of the 
LTC4054 can now be as high as 
108°C/W before thermal regulation 
limits the charge current. 

Dissipating power in an external 
component is a useful technique, 
especially when a high input supply 
voltage is used. However, the designer 
should avoid dropping the VCC pin volt-
age low enough to put the LTC4054 
into dropout, which could increase the 
time spent charging in constant-volt-
age mode. This occurs when the voltage 
across the internal MOSFET drops low 
enough to cause the FET to enter the 

linear region. The transistor does not 
enter the linear region as long as the 
following condition is met:

V V I RCC BAT BAT DS ON– ( )≥ •

The RDS(ON) of the LTC4054 FET is 
nominally 600mΩ. Since Li-Ion battery 
voltages do not typically exceed 4.2V, 
an LTC4054 programmed with 800mA 
will not enter dropout as long as the 
VCC pin stays above 4.68V.

Conclusion
The LTC4054 standalone Li-Ion 
battery charger provides a simple, 
compact solution for charging single 
cell Li-Ion batteries using very few 
external components. Its thermal 
regulation feature allows the designer 
to eliminate the need for thermal over-
design, maximize charge current, and 
shorten charge times. 
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Maximum inductor current (IL(MAX)) 
is equal to peak switch current in this 
configuration. The IC has a maximum 
switch current (ISW(MAX)) of 3A, so the 
maximum inductor current must re-
main below 3A. To keep switch current 
below the maximum, more inductance 
might be needed to keep the ripple 
current low enough.
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Maximum output current (I OUT(MAX)) 
is an approximation derived from the 
maximum allowable input current 
given the ripple current.
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Input and Output Capacitors
Like a typical boost converter, the 
input capacitor in the negative boost 
topology has low ripple current and 
the output capacitor has high dis-
continuous ripple current. The size 
of the output capacitor is typically 
bigger than the input capacitor in or-
der to handle the greater RMS ripple 
current.
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The output capacitor ESR has a di-
rect effect on the output voltage ripple 

of the DC/DC converter. Choosing 
higher frequency switch-mode regu-
lators reduces the need for excessive 
RMS ripple current rating. Regardless, 
a low-ESR output capacitor, such as 
a ceramic, can minimize the output 
voltage ripple of the negative boost 
converter.
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Layout
Figures 1a and 1b show the high ΔI/Δt 
switching paths of the negative boost 
and positive buck DC/DC converters. 
This loop must be kept as small as 
possible, by minimizing trace lengths, 
in order to minimize trace inductance. 
The discontinuous currents in this 
path create very high ΔI/Δt values. 
Any trace inductance in this loop re-
sults in voltage spikes that can render 
a circuit noisy or uncontrollable. For 
this reason, circuit layout can be just 
as important as component selection. 
Note that the layout of the negative 
boost is similar to the positive buck 
regulator, with the locations of the 
input and output swapped. 
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