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APPLICATION NOTE 523

Quick-Charge IC Routes Step-Up Switcher Output To Battery

Simplicity and high efficiency favor the step-down, switch-mode battery charger over other configurations, but 
sometimes the available supply voltage is too low for the battery's terminal voltage. Examples include charging a 
backup battery from the supply it backs up, and using an automobile battery to charge a large number of cells in 
series. 
 
Such applications can be handled by a step-up switching regulator in conjunction with a fast-charge controller 
(Figure 1). This circuit can charge five or more NiCd or NiMH cells from a 5V input. Because cell voltages vary 
greatly during the charge cycle, you should resist the temptation to simply boost VIN above the highest terminal 

voltage for the battery being charged (and then dropping the boosted voltage back to battery level with a linear 
regulator). That approach is inefficient and generates heat. 
 
 
 

http://www.maxim-ic.com/
http://www.maxim-ic.com/
http://www.maxim-ic.com/appnotes10.cfm
http://www.maxim-ic.com/appnotes10.cfm/ac_pk/5/ln/en


 

Figure 1. A step-up switching regulator (IC1) and fast-charge controller (IC2) charge multi-cell batteries with 
speed and efficiency. 
 
This circuit also supplies load current while charging the battery. Because load current bypasses the battery and 
the R2 sense resistor, it has little effect on the charge current. (As an option to improve efficiency when the 
charger is not in use, you can greatly reduce the voltage drop across R2 by adding a low-rDS(ON) MOSFET in 

parallel.) 
 
The IC1 connection shown, which holds its feedback input (pin 3) below the internal set-point, causes the step-
up converter to act as a current source producing its maximum output current. Then, replacing the external 
current-sense resistor with a power MOSFET (Q2) allows IC2's DRV output to set this output current via the Q3-



Q4 current mirror, which controls Q2's gate voltage and on-resistance. 
 
To configure the overall circuit for a different range of input voltage, adjust R1 (if necessary) so the current into 
pin 15 of IC2 remains between 5mA and 20mA. This condition ensures that the shunt regulator in IC2 maintains 
the internal V+ at approximately 5V. If VIN exceeds 16V, you should remove the direct connection to IC1 and 

power that chip with V+ from IC2 instead. Output power should not exceed 20W for the Q1 device shown, and 
R2 adjusts the charging current:  
 
ICHARGE = 0.25 / R2. 

 
To charge batteries with other than six cells in series, re-program IC2 according to instructions in the data sheet. 
The zener voltage of D1, which prevents overvoltage on capacitor C1 if the battery is removed during charging, 
should approximate (in volts) twice the numerical cell count. C1 helps to smooth the otherwise chopped output 
current from IC1; take care not to exceed its ripple-current rating (the ripple current is approximately ICHARGE + 

ILOAD). 
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More Information  
For technical questions and support: http://www.maxim-ic.com/support  
For samples: http://www.maxim-ic.com/samples  
Other questions and comments: http://www.maxim-ic.com/contact  
 
Related Parts 

MAX713: QuickView -- Full (PDF) Data Sheet -- Free Samples

MAX770: QuickView -- Full (PDF) Data Sheet -- Free Samples
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