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Application note 

Charging a nearly full battery 

AN-PM-028 

Abstract 

When optimising and testing the charger settings on the DA9053 it is possible to see a condition 
where it appears that the DA9053 does not charge a nearly full battery. This application note explains 
which settings affect this, how to verify whether this is a real issue and if needed how to change this 
behaviour. 
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 Terms and definitions 

DA905x For this document this represents DA9021, DA9022, DA9052, DA9053 and 
DA9057 

DUT Device Under Test 

EOC End of Charge 
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2 Charging the battery 

 

In any battery powered device, the charging process is key to managing in the active lifetime of the 
product.  One aspect that can affect the lifetime of the battery cell and also the perceived quality of 
the product, is how the charging process behaves once the initial charge cycle is complete. 

 

It is important not to trickle charge Li-ion batteries as this can lead to damage of the cell and a 
reduction in the overall life of the battery cell. 

 

The DA9053 has the VCHG_DROP setting in the INPUT_CONT (R67) register that can help define 
this behaviour. 

 

Before starting a charging cycle the DA9053 checks and qualifies the following parameters: 

 

● battery temperature 

● battery voltage 

● charger voltage 

 

 

The End of Charge (EOC) condition for the DA9053 is configured by setting the charge termination 
voltage and also the charge current at EOC (ICH_END). 

The EOC  target voltage (VCHG_BAT) is programmed into the DA9053 via the CHG_CONT (R66) 
register. A charging cycle starts only if the battery voltage is less than VCHG_BAT minus the 
VCHG_DROP value. VCHG_DROP is selectable between 100 mV and 200 mV. 

 

In a typical system the battery voltage at end of charge will be 4.2 V. However as soon as the charge 
cycle terminates the voltage will drop slightly.  
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2.1 The real battery path 

Rpcb Rcon Rprot

Rbat

Vbat

 

Figure 1: Battery resistance 

  

When considering the end of charge behaviour for any given system, there are several parameters 
that impact this behaviour.   

● battery voltage 

● battery capacity 

● impedance of the battery path 

 

The impedance of the battery path is very important in determining the behaviour both under 
discharge conditions and also when charging. 

As shown in Figure 1 the impedance of the battery path consists of various parts.   

 

● Rbat: The internal resistance of the battery cell. This will increase as the battery ages. 

● Rprot: The resistance of the protection circuit contained within most Li-ion battery packs.  

● Rcon:  The resistance of the connection to the battery pack, this can also include the 
resistance of any leads from the battery pack to the connector  

● Rpcb: The resistance of the PCB trace from the battery connector to the VBAT ball on the 
DA9053  

 

During charging, the effect of this resistance is to reduce the actual voltage seen on the terminals of 
the battery cell. During discharge, it will reduce the voltage measured on the VBAT ball of the 
DA9053. 

The combined resistance of these parameters can be greater than 0.5 Ω.   

If we consider an end of charge current of 100 mA and a path resistance of 0.5 Ω, then the actual cell 
voltage will be 50 mV lower than the programmed EOC voltage.  

If we then consider that once charging is complete the system can draw a peak current of 100 mA 
from the battery. This is on top of the current supplied by the charger buck. This 100 mA would result 
in a drop of 50 mV from the cell voltage.   
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Since we have already established that the cell voltage can be 50 mV less than the target voltage 
due to the path resistance, this additional 50 mV during discharge will lead to the VBAT voltage being 
measured as 100 mV below the EOC voltage.  

With VCHG_DROP set to 100 mV the combination of these two effects would be sufficient to re-start 
the charging cycle immediately that the previous cycle completes. 

 

2.2 The charge discharge cycle 

 

Figure 2 Typical Li-Ion charge discharge profile 

 

  

Figure 2 shows a typical Charge Discharge curve from a handheld device using a 1.2 Ah Li-ion 
battery. The Charge termination voltage was programmed to 4.2 V. The charge termination current 
ICH_END was programmed to 60 mA. (The x-axis shows measurement points, which were the fixed 
time step of the measurement equipment).  

When charging completes the voltage drop can be seen to be approximately 100 mV.  In this system 
the charger supply was removed at EOC. 

Setting VCHG_DROP to 200 mV will stop the continuous charge cycling and helps to prolong battery 
life. 

One negative effect of setting VCH_DROP to 200 mV is that a battery that presents a voltage within 
200mV of the charge termination voltage when the charger is attached will not be charged. This can 
also cause complications for the system software as the charger attach will have been indicated to 
the system. However the DA9053 will not indicate that charging has not commenced. 

It is possible to optimise this behaviour by allowing the host software to re-configure the 
VCHG_DROP setting. In this case it is recommended that the initial setting for VCHG_DROP is set 
to 100 mV. This will allow charging to start as soon as a charger is attached and the voltage is 100 
mV below the charge termination voltage. VCHG_DROP should then be set to 200 mV as soon as 
charging has started. This will reduce the chance of continual cycling when the charge cycle 

3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4

4.1

4.2

4.3

4.4

1 101 201 301 401 501 601 701 801 901 1001 1101 1201 1301

V

b

a

t(

V)

 

VBAT

Charging Discharge 

EOC 



 

 

AN-PM-028  

Charging a nearly full battery  

Application note Revision 1.1 08-Oct-2015 

CFR0014 Rev 3 6 of 8 © 2015 Dialog Semiconductor 

completes. Finally in this case, VCHG_DROP should be reset to 100 mV when a charger removal is 
detected. 

 

2.3 Notes on testing 

 

When testing this feature of the DA9053 it is common to use a source-meter or a power supply unit 
(PSU) with sink capability in place of the battery. This enables testing with a range of battery voltages 
without having to charge and discharge a real battery.  

It must be noted that a source meter or PSU will not show quite the same behaviour due to the 
difference in series resistance of the PSU. Final verification of the charging behaviour should be 
made using a real battery.  

A more realistic behaviour may be simulated with a PSU by placing a 0.5-1 Ω resistor in series with 
the PSU output, (see Figure 3). The additional resistance will simulate the resistance of the VBAT 
path as shown in Figure 1. This allows the correct voltage drop to be seen when the system changes 
from charging to discharging. The value of the resistor can be adjusted to a value that represents the 
real battery. A simple measurement where the battery is first measured at open circuit and then 
again with a load of 100 mA should give an indication of a suitable resistance.  

DUT: DA9053 PSU or Source Meter0.5-1 Ω 

VBAT

GND GND

Vout

 

Figure 3: DUT with additional resistance. 

 

Example measurement of 4.2 V Li-ion battery.   

● Open circuit voltage of battery    =  3.95 V 

● Battery voltage with load of 100 mA   =  3.87 V 

● R=V/I  = (3.95-3.87)/0.1 =   0.08/0.1 = 0.8 Ω 
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