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Agenda 

• How to build a basic charger 

– Advantages vs disadvantages of different converter topologies 

• How to customize a standalone switching charger 

– Maintain minimal BOM count 

• Improve safety of final design 
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Basic converter topology 
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Nonsync Sync 

Solution 

size 

Larger 

IC + power diode 

Smaller 

Both FETs integrated 

Efficiency 

(low side 

conduction 

loss) 

Diode D1 loss: 

𝑰𝑫𝑺 × 𝑽𝒇 

× (𝟏 − 𝑫) 

LS FET Q2 loss:  

𝑰𝑫𝑺 × 𝑰𝑫𝑺 × 𝑹𝑫𝑺(𝑶𝑵)  

× (𝟏 − 𝑫) 

Layout 

High frequency 

converter loop 

area larger due to 

external diode 

High frequency 

converter loop area 

smaller due to 

integrated FETS 

Nonsynchronous buck 

Synchronous buck 



Battery charger considerations 
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What is missing from a synchronous 

topology? 

To regulate current, a current sense 

resistor is required to provide the 

charging current information to the 

control loop  

 



Simple battery charger architecture 
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What needs to be included 

for VIN < VBAT 

– An input reverse blocking FET is 

required to prevent reverse discharge 

 Blocked 

when off 

What happens if input is shorted to GND? 



Limitations of RSENSE 

Topology RDS(ON) 

(mΩ) 

Power loss @ 

ICHG = 2 A  (mW) 

Power loss @ 

ICHG = 3 A  (mW) 

Integrated FET 19.5 78 175.5 

External sense 

resistor 

10 40 90 
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Full charge current sensed across RSENSE. Efficiency decreases due 

to conduction losses from power dissipated across RSENSE. 

 

Total cost =  

RSENSE = $ 

+ 

= IC + $  

Total cost =  

No RSENSE  

+ 
= IC +  no external RSENSE  

+ smaller board size 
Capacitor 

Inductor 

IC 

QFN IC 

Current sense  

resistor 
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BQ25302 senseless current architecture 

Q: What is missing? 

 
• New topology without sense 

resistor 

 

•    Conduction loss      Efficiency 

 

• Minimal external components 

 

? 



Customizing standalone charger 

Q: How to minimize BOM? 

• ICHG resistor 

– Linear charger to provide battery 

short protection 

– Precharge/termination fixed at 10% 

fast charge 

– Fast charge = KICHG/RICHG 

• VSET resistor 

– Set short, precharge and charge 

regulation voltage 

– 4 different charge regulation 

voltage settings 

 
8 

𝐼𝐶𝐻𝐺 =  
𝐾𝐼𝐶𝐻𝐺

𝑅𝐼𝐶𝐻𝐺
 



VBUS

BTST

SW

PGND

VSYS

ICHG

BQ2530x

TS

47nF 10µF

2.2µH 

Thermal Pad

Q1 Q2

Q3

STAT

REGN

VSET

VBUS
3.9V – 14V

10µF PMID

REGN

BAT

REGN
2.2µF

MCU
R

PWM
R
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𝐼𝐶𝐻𝐺 =
40(1 − 𝑉𝐶𝐶  ∙ 𝐷)

2𝑅 𝑘Ω
 

VCC – MCU GPIO drive voltage 

D – Duty cycle of PWM 

I – 300 mA to 3000 mA 

MCU programmable charge current ICHG 

GPIO voltage programs the charge current continually  

1 GPIO pin vs I2C bus 



Benefit of resistor divider 

• Wide charge regulation voltage 

range to charge Li-ion and lithium 

phosphate 

– Deeply discharged battery 

– Precharge to fast charge  

– Max charge regulation 

– Recharge threshold 

– Battery OVP 

• Remote BATSENSE tied to battery 

–  Time in CC       Time in CV 
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𝑉𝑅𝐸𝐺 = 𝑉𝐹𝐵 (1 +
𝑅𝑡

𝑅𝐵
) 



Lead-acid battery charging 

• Lead-acid battery chemistry 

– Low cost 

– Backward compatible 

– Safety considerations 
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Limitation of external resistor divider 

• A device can take up to thirty days to 

ship from a factory to a storefront 

• Six months on the shelf is not 

uncommon 

 

Desirable 

• Out-of-the-box battery operation 

• 0.2 µA BAT IQ 

Undesirable 

• Depleted battery after storage 
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Charge controller architecture 
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Power path: 
• Two diodes OR condition 

to the system of  
– Adaptor power  

– Battery power 

• Separate the system and 

the battery 

Benefits:  
• Instant power up with dead or no 

battery  

• Extend battery life with termination 



Customizing advanced features 

Q: What if I don’t need 

certain features? 

• Power path 

– Remove PFET and float 

BATDRV 

• Input protection FETs 

– Diode for reverse voltage 

protection and float ACDRV 

• Input current regulation 

– Remove RAC 
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Schematic review tips on E2E 

https://e2e.ti.com/support/power-management/f/196/t/791790


Layout guidelines 

• Minimize EMI 

– Small high frequency current loop  

– Small area for high dv/dt node  

– Good ground plane 
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VIN 
L 

RSENSE 

QH 
QL CO 

VOUT CIN 

High frequency 

current loop 

Shield 



BQ2530X layout 

• Safe pinout 

– Isolate analog/power pins 

• Easy AGND/PGND isolation 

– Same layer routing 

• Decrease board cost 
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Efficiency loss considerations 

• Switching losses 

– 𝑃𝑆𝑊 =
1

2
∙ 𝑉𝐼𝑁 ∙ 𝐼𝐶𝐻𝐺 ∙ (𝑇𝑂𝑁 + 𝑇𝑂𝐹𝐹) ∙ 𝐹𝑆𝑊 

• Conduction losses 

– 𝑃𝐶𝑂𝑁𝐷_𝑇𝑂𝑃 = 𝐷 ∙  𝐼𝐶𝐻𝐺
 2 ∙ 𝑅𝐷𝑆(𝑂𝑁) 

–    Junction temp →    MOSFET RDS(ON) 

 

• Controller 

– Localized to power stage 

• Charger 

– Localized to package    
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Thermal junction regulation 

• TJ thermal regulation 

• Thermal shutdown 
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ICHG 

TJ_REG 

TJ 

Time 

• Thermal regulation  
– Better customer experience 
– Safe charging  
– Continuous charging current 

Recommended operating condition 



Battery temperature profile 

• STAT visual blinking 1 Hz fault reporting 

– REGN ON during fault 

• Battery temp monitoring 

– HOT/COLD 

– JEITA 
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HOT/COLD JEITA 



Extensive fault reporting 

• Protection 

– 200 ns VBUS OVP response 

– Shorted battery insertion 

• Battery clamp / 30 mA charge current 

• STAT fault indication 

– FB open/short 

– ICHG open/short 

• Manufacturing mistakes can result in 

– Adjacent pin short 

– Pin open 
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BMS safety initiative 

• Provides designers with tools to 

design functionally safe systems 

• Determines the effect of each 

failure based on: 

– Potential device damage that affects 

functionality 

– No device damage but loss of 

functionality 

– No device damage but performance 

degradation 

– No device damage, no impact to 

functionality or performance 
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Summary 

• Difference of a basic charger vs. a DC/DC converter  

– Current sensing loop for constant current 

– Reverse blocking capability 

• How to customize a standalone switching charger 

– Different control approaches 

– Flexibility for different chemistry 

– Extending shelf lifetime   

– Maintain minimal BOM count 

• Safety features of a charger  

– Temperature profile for battery 

– Thermal regulation  

– Functional safety  
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Aiming to provide you with convenience 

• Largest inventory of authentic TI products 

• Immediately available inventory 

• Lowest online prices* 

• Cut tape, custom and full quantity reels 

• Exclusive access to preproduction devices 

• Multiple payment options: line of credit (select 

regions), credit cards, PayPal, AliPay, WeChat 

Pay, and Union Pay 

• Flat-rate shipping anywhere, every day 

ti.com/buy 

Buying on TI.com: from concept to production, inventory when you need it.  
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*Lowest online prices on 1K unit quantities for 99% of TI’s 

immediately available inventory. Excludes expired products and 

products sold by non-authorized sources.  
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