
TOPOLOGY OVERVIEW—POWERPATH CONTROL AND BATTERY-FED SYSTEMS

Battery-Fed (Charger-Fed) Systems

02

First generation USB system applications incorporated a  
current-limited battery charger directly between the USB port  
and the battery (see Figure 1). In this battery-fed topology,  
the battery directly powers the system and the power available  
to the system from the USB can be expressed as:

PSYS = IUSB •VBAT

because VBAT is the only voltage available to the system load. For 
linear chargers, input current approximately equals charge current, 
so a simple current limit is sufficient. Connecting the system load 
directly to the battery eliminates the need for a load sharing diode. 
Disadvantages of this topology include low efficiency, 500mA  
maximum charge current from the USB, no system power when  
the battery voltage is low (i.e., a dead or missing battery), and loss 
of nearly half of the available power within the linear battery char-
ger element as heat. Furthermore, an additional resistor and signal  
transistor is required to increase charge current when a wall  
adapter is present.

Linear PowerPath Power Managers
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Second generation USB charging systems, commonly referred to 
as PowerPath systems, develop an intermediate voltage between 
the USB port and the battery (see Figure 2). In PowerPath systems, 
the USB port supplies current to an intermediate voltage, VOUT, 
via a current-limited switch. VOUT powers both the linear battery  
charger and the system load with priority going to the system load.  
By decoupling the battery from the system load, charging can 
be carried out opportunistically. PowerPath systems also offer 
instant–on operation because the intermediate voltage is available  
for system loads as soon as power is applied to the circuit—this 
allows the end product to operate immediately when plugged in, 
regardless of the battery’s state of charge. In a linear PowerPath 

system, nearly all of the 2.5W available from the USB port is 
accessible to the system load provided the system load does not 
exceed the input current limit. Furthermore, if the system requires 
more power than is available from the input, an ideal diode also  
supplies current to the load from the battery. Thus, a linear 
PowerPath system offers significant advantages over a battery-fed  
system. But significant power may still be lost, especially if the  
system load exceeds the input current limit and the battery voltage 
is low, resulting in a large differential between the input voltage 
and both the system voltage and the battery voltage. An optional 
external PFET can reduce the ideal diode voltage drop during 
heavy load conditions.

Figure 2: Simplified Linear Power Manager Circuit

Figure 1: Simplified Battery-Fed Control Circuit
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Switch Mode PowerPath Power Managers 

Third generation USB charging systems feature a switchmode-
based topology (see Figure 3). This type of PowerPath device  
produces an intermediate bus voltage from a USB-compliant  
step-down switching regulator that regulates a small differential 
voltage above the battery voltage. Linear Technology refers to  
this as Bat-Track™ adaptive output control because the output 
voltage tracks the battery voltage. The differential voltage between 
the battery and the system is large enough to allow full charging 
through the linear charger, but small enough to minimize power 
lost in the charger, thereby increasing system efficiency and maxi-
mizing power available to the load. The switching average input 
current limit allows the use of nearly all of the 2.5W available from 

the USB port, independent of operating conditions. By ensuring 
that the Bat-Track regulation loop does not allow the output voltage  
to drop below 3.5V (even with severely discharged batteries) 
this topology also provides instant-on functionality. As in linear 
PowerPath systems, an ideal diode allows the battery to supple-
ment input power during heavy load transients. An optional external 
PFET can reduce the ideal diode voltage drop. This architecture 
is suitable for systems with large (>1.5AHr) batteries and high 
(>2W) system power. 

Figure 3: Simplified Switch Mode Power Manager Circuit
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External High Voltage Switching Regulator Control

Several Linear Technology power manager ICs (both linear and 
switching) provide the ability to adaptively control the output of 
an external high voltage switching regulator (see Figure 4). The 
WALL pin detects the presence of a high voltage supply (e.g., car 
battery, 12V wall adapter, FireWire input) and enables Bat-Track 
adaptive output control via the buck regulator’s VC pin. Similar  
to a switching PowerPath system, the output of the high voltage  
buck is regulated to a small differential voltage above the battery  
voltage with a minimum output voltage of approximately 3.5V. 
This functionality maximizes charger efficiency while still allowing  
instant-on operation even when the battery is deeply discharged. 

Compared to the traditional approach of converting a high  
voltage input to 5V to power the system, this technique can 
reduce system power dissipation by over 50%. By choosing an 
LT®3653 as the high voltage regulator, further system improve-
ments can be made (see Figure 5). The LT3653 accurately controls  
its maximum output current, which eliminates the potential for 
localized heating, reduces the required current rating of the power 
components and provides a robust solution to withstand harsh 
overload and short circuit conditions. In addition, the unique 
LT3653 architecture eliminates a power PFET and output capacitor  
from the application schematic.

Figure 4: Simplified HV Switching Regulator Control Circuit Figure 5: Simplified LT3653 Control Circuit

Table 1: Comparison of USB-Compliant Battery Charging System Topologies

 Attribute Battery-Fed Linear PowerPath Switch Mode PowerPath

Size Small Moderate Larger

Complexity Simple Moderate More Complex

Solution Cost Low Moderate Higher

USB Charge Current Limited to 500mA Limited to 500mA 500mA and Higher (~2.3W)

Autonomous Control of Input Power 
Sources

No Yes Yes

Instant-On Operation No Yes Yes

System Load Efficiency  
(IBUS<USB Limit)

Good (VBAT/VBUS) Exceptional (>90%) Excellent (~90%)

System Load Efficiency (ISYS>USB Limit) Good (VBAT/VBUS) Good (VBAT/VBUS) Excellent (~90%)

Battery Charger Efficiency Good (VBAT/VBUS) Good (VBAT/VBUS) Excellent (~90%)

Power Dissipation High Moderate Low

Bat-Track Adaptive Output Control/ 
Interface to HV Buck

No Yes Yes
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