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High Input Voltage Lithium Battery Charger With OVP 

 

 Description 

 

AF4059H is a highly integrated single-cell 

lithium battery charger with high input 

voltage. It adopts the trickle/constant 

current/constant voltage charging mode 

required by general lithium batteries. The 

input voltage of AF4059H is as high as 

26.5V, but when the input voltage exceeds 

10.5V(Typ.), OVP protection will be 

triggered and the IC will be shut down to 

prevent excessive power consumption. An 

internal thermal feedback function protects 

the charge from any thermal failure. 

 

Both the constant charging current and the 

full-of-charge current can be programmed 

by an external resistor. When the battery 

voltage is lower than the threshold voltage, 

the charger will pre-charge the battery at 

47.5% of the typical value to prevent the 

deeply discharged lithium battery from 

being damaged during fast charging. 

When the charge current reduces to the 

programmable full-of-charge level during 

the CV charge phase, a full-of-charge 

indication is provided by two indication pins. 

 

 

 Applications 

 

⚫ UVLOtable consumer equipment 

⚫ PDAs and other handheld products 

⚫ Credential Keys 

⚫ IOT Gadgets 

⚫ Wireless Remote 

 

 

 

 

 

 

 

 Features 

 

⚫ Input Voltage Range: 4.5V~26.5V 

⚫ 10.5V(Typ.) Input OVP 

⚫ Programmable Charging Current 

from 5mA to 300mA 

⚫ Programmable Full-of-charge Current  

⚫ 4.2V / 4.35V(Typ.) Charge Voltage 

⚫ 2.55V / 2.65V(Typ.) Trickle Charge 

Threshold 

⚫ Less than 1uA leakage current 

⚫ Integrated Pass Element and Current 

Sensor 

⚫ No External Blocking Diode Required  

⚫ Low Component Count 

⚫ Power Presence and Charging 

Indications 

⚫ 0V Charging Function 

⚫ Battery Reverse Connection 

Protection 

 

 Device Information 

 

Device Package Shipping 

AF4059HD-

420V 
DFN2X2-8L 

Tape and 

Reel, 3K 

 

DFN2X2-8L-Marking 

Note: Pin description reference next 

page table 
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Pin Function 

VIN 

Power Input. The absolute maximum input voltage is 26.5V. A 1uF or 

lager value X5R ceramic capacitor is recommended to be placed very 

close to the input pin for decoupling purpose. Additional capacitance 

may be required to provide a stable input voltage. Adding a 1R resistor 

in series with an X5R ceramic capacitor will minimize start-up voltage 

transients.  

PPR 

Open-Drain Power Presence Indication. The open-drain MOSFET turns 

on when the input voltage is above the UVLO threshold but below the 

OVP threshold and off otherwise. This pin is capable to sink 15mA 

current to drive an LED. The maximum voltage rating for this pin is 5.5V. 

CHG 

Open-Drain Charge Indication. This pin outputs a logic low when a 

charge cycle starts and turns to high impedance when the full-of-charge 

condition is qualified. This pin is capable to sink 15mA current to drive 

an LED. When disabled, the CHG pin outputs high impedance. 

EN 

Enable Input. This is a logic input pin to disable or enable the charger. 

When this pin is driven to low or left floating, the charger is enabled. 

When it is high, the charger turns off. 

GND Ground 

IMIN 

Full-of-charge Current Programmed Pin. Connect a resistor between this 

pin and the GND to set the full-of-charge current. Programmed by the 

following equation (the unit of resistance is KR):  

  

IREF 

Charge-Current Programmed and Monitored Pin. Connect a resistor 

between the pin and the GND to set the charge current limit determined 

by the following equation (the unit of resistance is KR): 

 

The resistor should be located very close to this pin. The IREF pin voltage 

also monitors the actual charge current during the entire charge cycle. 
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BAT 
Charger Output Pin. Connect the pin to the battery. A 1uF or larger X5R 

ceramic capacitor is recommended for decoupling and stability purpose.  

BACK PAD 
Thermal Pad. In practical applications, this pin should be connected to 

the ground of the PCB to meet good heat dissipation. 

 

 

 Typical Application 
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 Absolute Maximum Ratings(Unless otherwise specified, TA=25℃) 

Parameter Symbol Ratings Units 

Input Voltage(1) VIN -0.3~28 V 

PPR, CHG, EN, IMIN, IREF to 

GND(1) 
V -0.3~6 V 

BAT to GND(1) VBAT -0.3~10 V 

Package Power Dissipation PD 0.55 W 

Operating Ambient 

Temperature 
TA -40~85 ℃ 

Storage Temperature Range TSTG -40~125 ℃ 

Junction Temperature TJ -40~150 ℃ 

Lead Temperature & Time TL 260 , 10s ℃ 

ESD Susceptibility(2) 
HBM 4000 V 

MM 200 V 

 

NOTES: 

(1). Stresses beyond those listed under absolute maximum ratings may cause permanent 

damage to the device. These are stress ratings only, and functional operation of the device 

at these or any other conditions beyond those indicated under recommended operating 

conditions is not implied. Exposure to absolute-maximum-rated conditions for extended 

periods my affect device reliability. 

(2). Failure to observe proper handling and installation procedures can cause damage. 

ESD damage can range from subtle performance degradation to complete device failure. 

Precision integrated circuits may be more susceptible to damage because very small 

parametric changes could cause the device not to meet its published specifications. 

 

 

 Recommended Operating Conditions  

Parameter Symbol Ratings Units 

Supply Voltage Range VIN 4.5~9.35 V 

Maximum Supply Voltage VMAX 26.5 V 

Programmed Charge Current IBAT 5~300 mA  

Operating Temperature Range TOPR -40~85 ℃ 
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 Electronics Characteristics 

(Unless otherwise specified, VCC=5V, RIMIN=3MR, TA=25°C) 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Voltage VCC  4.5  26.5 V 

OVP Voltage 

VOVP 
VBAT forced to 4.4V, 

RIREF=602KR 

9.35 10.5 11.15 V 

VOVPHYS 245 340 430 mV  

Under Voltage Lock 

Out 

UVLO VBAT=3V, 

RIREF=602KR, 

VCC Falling and Rising  

 3.95 4.55 V 

UVLOHYS  3.6 4.35 V 

VIN-BAT Offset Voltage 

VOS VBAT forced to 4.5V, 

RIREF=602KR 

Rising and Falling Edge 

 110 200 mV 

VOSHYS 5 60  mV 

Standby Current 

ICC 

VBAT 

forced to 

4.4V, 

RIREF=30

1KR 

Charger 

disabled 
 160 250 

uA 
Charger 

enabled 
 220 320 

IBAT 
The input is floating  0.1 0.6 

uA 
Charger disabled  0.2 1 

EN "High" Level Voltage VCEH  1.6   V 

EN "Low" Level Voltage VCEL    0.8 V 

EN Pin Internal Pull-

Down Resistance 
  150 200 250 KR 

IREF Pin Output 

Voltage 
VIREF 

VBAT=3.8V, 

RIREF=602KR 
1.162 1.21 1.262 V 

Constant Charge 

Current(2) 
IREF 

RIREF=301KR, 

VBAT=3.8V 
35 40 45 mA 

Trickle Charge Current ITRIK 
RIREF=301KR, 

VBAT=2.4V 
12.5 18.75 25 mA 

Full of Charge Current IMIN RIREF=301KR 1 4 7 mA 

Full of Charge Rising 

Threshold 
IMIN RIREF=301KR 22 31 40 mA 

Preconditioning Charge 

Threshold Voltage 

VMIN 
RIREF=602KR 

 2.55  V 

VMINHYS  100  mV  

Charge Current Fold-

back Threshold 
TFOLD 

VIN FROM HIGH TO 

LOW 
 115  ℃ 

CHG Pin On-

Resistance when LOW 
 PIN Voltage=1V  42 67 R 
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CHG Leakage Current 

when High Impedance 
 VCHG=5.5V   20 uA  

PPR Pin On-

Resistance when LOW 
 PIN Voltage=1V  42 67 R 

PPR Leakage Current 

when High Impedance 
 VPPR=5.5V   20 uA  

 

 

 Typical Charge Profile 

 

Figure 1 Typical Charge Profile 
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 Characteristic Curve 
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 Operation Information  

 

The AF4059H charges a Li-ion 

battery using a CC/CV profile. The 

constant current IREF is set with the 

external resistor RIREF and the 

constant voltage is fixed at 4.2V or 

4.35V. If the battery voltage is below 

a typical 2.55V, or 2.65V trickle 

charge threshold, the AF4059H 

charges the battery with a trickle 

current of 47.5% of IREF until the 

battery voltage rises above the 

trickle charge threshold. Fast 

charge CC mode is maintained at 

the rate determined by 

programming IREF until the cell 

voltage rises to 4.2V or 4.35V. When 

the battery voltage reaches 4.2V or 

4.35V, the charger enters a CV 

mode and regulates the battery 

voltage at 4.2V or 4.35V to fully 

charge the battery without the risk of 

over charge. Upon reaching a full-

of-charge current, the charger 

indicates the charge completion 

with the CHG pin, but the charger 

continues to output the 4.2V or 

4.35V voltage.  

 

The full-of-charge current level IMIN 

is programmable with the external 

resistor RIMIN. The CHG pin turns to 

low when the trickle charge starts 

and rises to high impedance at the 

full-of-charge. After the full-of-

charge is reached, the charge 

current has to rise to typically 78% 

of IREF for the CHG pin to turn on 

again. 

 

A thermal fold-back function 

reduces the charge current any time 

when the die temperature reached 

typically 115 ℃ . This function 

guarantees safe operation when the 

printed circuit board is not capable 

of dissipating the heat generated by 

the linear charge. The AF4059H 

accepts an input voltage up to 26.5V 

but disables charging when the 

input voltage exceeds the OVP 

threshold, typically 10.5V, to protect 

against unqualified or faulty AC 

adapters. 

 

PPR Indication 

The PPR pin is an open-drain output 

to indicate the presence of the AC 

adapter. Whenever the input voltage 

is higher than the UVLO threshold, 

the PPR pin turns on the internal 

open-drain MOSFET to indicate a 

logic low signal, independent on the 

EN pin input. When the internal 

open-drain FET is turned off, the 

PPR pin leaks less than 20uA 

current. When turned on, the PPR 

pin is able to sink at least 15mA 

current under all operating 

conditions. The PPR pin can be 

used to drive an LED or to interface 

with a micro-processor. 

 

Power Good Range 

The power good range is defined by 

the following three conditions: 

1. VIN>VUVLO 

2. VIN-VBAT>VOS 

3. VIN<VOVP 

 

Input and Output Comparator 

The charger will not be enabled 

unless the input voltage is higher 

than the battery voltage by an offset 

voltage VOS. The purpose of this 
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comparator is to ensure that the 

charger is turned off when the input 

power is removed from the charge 

will fail to power down when the 

input is removed and the current 

can leak through the PFET pass 

element to continue biasing the 

UVLO and the Pre-Regulator blocks. 

 

Dropout Voltage 

The constant current may not be 

maintained due to the RDSON limit 

at a low input voltage. The worst 

case RDSON is at the maximum 

allowable operating temperature. 

 

CHG Indication 

The CHG is an open-drain output 

capable of sinking at least 15mA 

current when the charger starts to 

charge, and turns off when the FOC 

current is reached. The CHG signal 

is interfaced either with a 

microprocessor GPIO or an LED for 

indication. 

 

EN Input 

EN is an active-low logic input to 

enable the charger. Driver the EN 

pin to low or leave it floating to 

enable the charger. This pin has a 

200kR internal pull-down resistor so 

when left it floating, the input is 

equivalent to logic low. Drive this pin 

to high to disable the charger. The 

threshold for high is given in the 

Electrical Characteristics table. 

 

IREF Pin 

The IREF pin has the two functions 

as described in the Pin Description 

section. When monitoring the 

charge current, the accuracy of the 

IREF pin voltage vs. the actual 

charge current has the same 

accuracy as the gain from the IREF 

pin current to the actual charge 

current. 

 

Operation without the Battery 

The AF4059H relies on a battery for 

stability and works under LDO mode 

if the battery is not connected. With 

a battery, the charger will be stable 

with an output ceramic decoupling 

capacitor in the range of 1uF to 

200uF. In LDO mode, its stability 

depends on load current, COUT, etc. 

The maximum load current is limited 

by the dropout voltage, the 

programmed IREF and the thermal 

fold-back. 
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 Application Information 

 

Design of IREF, IMIN and CHG 

Indication 

IMIN is the end of charge current when 

CHG indicates a full of charge 

condition. All current out of the 

AF4059H BAT pin should be counted 

into IMIN, including load current and 

the indication LED currents. As 

illustrated in Figure 1 Charge Profile, 

the AF4059H continues to supply 

current unless it is disabled by EN 

pulled high, regardless of the status 

of CHG pin. When charge current 

ever goes lower than IMIN, CHG pin 

stays high impendence until the 

charge current goes higher than 78% 

of IREF, which is another factor to 

consider in design of IREF, IREF should 

be high enough to so that 78% of IREF 

is higher than the current that is 

designed not to initiate CHG 

indication, while is low enough to 

assure the power source could 

deliver higher than 78% of IREF to 

initiate CHG indication.  

 

Input Capacitor Selection 

The input capacitor is required to 

suppress the power supply transient 

response during transitions. Mainly 

this capacitor is selected to avoid 

oscillation during the startup when 

the input supply is passing the UVLO 

threshold and the VIN-VBAT 

comparator offset voltage. When the 

battery voltage is above the UVLO 

threshold, the VIN-VBAT offset voltage 

dominates the hysteresis value. 

Typical, a 1uF X5R ceramic capacitor 

should be sufficient to suppress the 

power supply noise. However, 

caution must be exercised when 

using multilayer ceramic capacitors. 

Because of the self-resonant and 

high Q characteristics of some types 

of ceramic capacitor, high voltage 

transients can be generated under 

some start –up conditions, such as 

connecting the input to a live power 

source. Adding a 1R resistor in series 

with an X5R ceramic capacitor will 

minimize start-up voltage transients. 

 

Output Capacitor Selection 

The criterion for selecting the output 

capacitor is to maintain the stability of 

the charger as well as to bypass any 

transient load current. The minimum 

capacitance is a 1uF X5R ceramic 

capacitor. The actual capacitance 

connected to the output is dependent 

on the actual application requirement. 

 

Layout Guidance 

The AF4059H uses thermally-

enhanced DFN package that has an 

exposed thermal pad at the bottom 

side of the package. The layout 

should connect as much as possible 

to copper on the exposed pad. 

Typical the component layer is more 

effective in dissipating heat. The 

thermal impedance can be further 

reduced by using other layers of 

copper connecting to the exposed 

pad through a thermal via array. Each 

thermal via is recommended to have 

0.3mm diameter and 1mm distance 

from other thermal via.

 

 

 



                                                   AF4059H Series 

 11 / 11 

 Package Information 

 

 

DFN2X2-8L 

 

 
 

 

DISCLAIMER 

 

AFSEMI RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS 

HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. AFSEMI DOES NOT ASSUME ANY LIABILITY 

ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER 

DOES IT CONVEY ANY LICIENCE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. 

 

THE GRAPHS PROVIDED IN THIS DOCUMENT ARE STATISTICAL SUMMARIES BASED ON A LIMITED 

NUMBER OF SAMPLES AND ARE PROVIDED FOR INFORMATIONAL PURPOSE ONLY. THE PERFORMANCE 

CHARACTERISTICS LISTED IN THEM ARE NOT TESTED OR GUARANTEED. IN SOME GRAPHS, THE DATA 

PRESENTED MAY BE OUTSIDE THE SPECIFIED OPERATING RANGE (E.G. OUTSIDE SPECIFIED POWER 

SUPPLY RANGE) AND THEREFORE OUTSIDE THE WARRANTED RANGE. 

 


