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MARKET TREND 
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Wearables and TWS market trend 

• True Wireless Stereo (TWS) headset market has exploded, growing  at an 

estimated rate of more than 50% every year since the first release of the 

Apple Airpods in 2016 

• 2019 global TWS headset shipments has exceeded 100 million units 

 

• Smart watch and wristband have also been growing at sub 10% speed 

• 2019 global smart watch and wristband shipment is almost 150 million units 

• New wearable applications like smart clothing, smart eyewear have 

emerged 

 

• Competition has been fierce. How to differentiate on performance and 

features to stand out in the market? 
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COMMON DESIGN 
CONSIDERATIONS FOR WIRELESS 
HEADSETS AND WEARABLES 

5 



MCU core 

buck 

Buck 

LDO 

GPS buck 

OHR boost OHR LDO 4.5 V bio-sensing AFE and LEDs 

0.7/0.9 V GPS 

3 V display 

1.8 V sensors 

1.8 V Wi-Fi 

1.8 V BLE 

Charger 

1.8 V IO 

1.2 V MCU 

Charger 

input 

Li-ion 
battery 

PMID/SYS 

• Need power integration in small area 

 

• Functional blocks need various power 

sources 

 

• Chargers with various levels of power 

integration. Trade-off between 

integration and flexibility  

Squeeze on smaller board and have more functions  
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Get more out of a smaller battery & increase standby time 
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How critical is the battery leakage?  

  

e.g., BQ25100 75 nA battery IQ 

Ship mode and power path 

e.g., BQ21061 10 nA ship mode current 

Assuming a smart tracker that uses 50 mAh, 70 µA 

avg system IQ 

BATFET 

Power path 
charger 

From charge 

case boost 

VIN 
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case boost 

Non power 
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Get more out of a smaller battery & increase standby time – 
System considerations 

• Need external FET ($0.03-0.05) and GPIO to cut 

off NTC IQ 

• NTC is biased by VDD (VIN or VBAT) 

• NTC bias IQ is large (~ 200 µA) from battery 

(including ship mode) w/o external FET and GPIO  
 

 

 

System IQ consideration: extra IQ or extra 

components  
TI: minimal IQ, no external component 

• When not measuring the NTC, the TS bias 

current is off 

• No external circuit needed 
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Increase battery safety and reliability: Flexible JEITA, temp 
monitoring 

1. Flexible JEITA: configurable cutoffs and actions 

2. BAT, board temp monitoring using ADC 

MCU 

 

 

 

BQ25155 
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Increase battery safety and reliability: Warm/hot battery discharge 

• Most chargers have options to lower the battery regulation 

voltage during charging at warm temperatures(JEITA) 

• Systems also need a way to reduce the Vbat when battery 

is charged and the warm/hot condition happens 

• BQ25155 has options to discharge the battery in any of the 

external conditions  

 

• Implementation: 

– Using the built-in ADC comparators to identify when battery 

voltage is full and temperature is warm/hot 

– If the condition happens, the host will receive an interrupt  

– Convert PMID mode to VBAT. This disables the adapter  

– Convert the /PG as GPO and pull low 

– This will begin the discharge process 
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Tell the status of charge (SoC) using a gauge or ADC 

• For high accuracy, gauge ICs are needed – will 

take temperature, current information into 

consideration 

 

• For lower accuracy, BQ25155 has a 16 bit ADC 

that can measure the VBAT, which can be used to 

look up the SoC value 
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• Charged 41 mAh battery at 40 mA fast charge current (1C) 

• Termination (Iterm) at 4 mA (10% of fast charge current) or 1 mA 

• Shaded area represents additional 5% capacity restored on each charge 
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Capacity difference: 

>2 mAh (~5% of 

total) 

Utilize battery better: Accurate charge termination 
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SPECIFIC CHALLENGES 
FOR TWS 

13 



How to get more charging cycles and less heat in TWS – 
2 pin charging + communication 

• How do we solve it? 
– Single line communication between the earbud and 

charging case for optimal VIN for earbuds 

– Increased efficiency w/dynamic case output 

voltage adjustment allowing for more charge cycles 

and cooler devices 

Charging case Earbuds 
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• Why do we need it? 
– TWS case has limited number of 

charges for earbuds 

– TWS earbuds gets hot when 

charging 

 

Example in the picture: TI application report SLUAA04 

https://www.ti.com/lit/an/sluaa04/sluaa04.pdf


Connectivity requirement – Instant power on when inserting 
the earbuds 

BATFET 

Power path 
charger 

From charging 

case 

VIN 

Earbuds 

2.5 V 

3 V 3.4 V 
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• When earbuds are being charged in 

the case and MCU is stuck 

 

• Need watchdog to power cycle  

 

• The BQ21061 and BQ25125 

integrate a 14-sec watchdog timer 

that performs a HW reset/power 

cycle if no I2C transaction is detected 

within 14 seconds of a valid Vin 

being connected 

BATFET 

Power path 
charger 

From charging case 
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3.7 V 0  3.7 V 4 V 
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C

 

I2C 

Watchdog for power cycling in MCU stuck situation 
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< 500 mA > 500 mA 

• Power path 

• VIN = 4.35-6.4/10.2 V, max 30 V 

• VREG = 4.1/4.2/4.35/4.4 V 

• ICHG up to 1.5 A 

• Voltage based TS (flexible TS threshold 

setting) 

• 3 mm x 3 mm QFN16 
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Charging current 

BQ2510x 

• VIN = 4.45-6.45 V, max 30 V  

• VREG = 4.2/4.35 V 

• ICHG = 250 mA, ITERM ~1 mA 

• IQ <~75 nA 

• 1.6 mm x 0.9 mm WCSP6 

BQ21061/25155 

• I2C control 

• VIN = 3.4-5.5 V, max 20 V 

• Programmable JEITA 

• Regulated PMID 

• 1.25 mA – 500 mA accurate ICHG 

• 0.5 mA low termination current 

• LDO/load switch: 150 mA 

• Pushbutton control 

• Ship mode 10 nA 

• 16 bit ADC (BQ25155) 

• 1.6 mm x 2 mm WCSP 

• 1.5 A high efficiency SW charger 

• Power path 

• VIN = 4-13.5 V, max 22 V 

• I2C programmable VREG (3.5 V - 4.52 V) 

• >94% efficiency  

• OTG boost VOTG with 4.6 V / 4.75 V / 5 V / 5.15 V 

• 20 mA low termination current 

• 9.5 µA quiescent battery current 

• 7 µA ship mode 

• 4 mm x 4 mm QFN 

BQ25619 

Earbuds Case 

• Next gen of existing hero BQ24040 

• VIN abs max 30 V 

• VREG pin programmable 4.05-4.4V 

• ICHG = 10-800mA 

• 2 mm x 2 mm SON10  

BQ25170 (preview TI.com) 

BQ25125 

• I2C control  

• VIN = 3.4-5.5 V, max 20 V 

• Linear: ICHG = 5-300 mA 

• Buck: 1.8 V (1.1-3.3 V)/300 mA 

• LDO/load switch: 100 mA 

• Ship mode 2 nA 

• 2.5 mm x 2.5 mm WCSP 

Chargers portfolio for TWS 

17 



SPECIFIC CHALLENGES FOR 
WEARABLES 
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Wearable: Wake up/power off flexibility with pushbutton 

• Completely customized  

– Long press and short press button actions 

– Ship mode entry/exit 

– System power cycling 

– Configurable timers 
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< 500 mA > 500 mA 

• Power path 

• VIN = 4.35-6.4/10.2 V, max 30 V 

• VREG = 4.1/4.2/4.35/4.4 V 

• ICHG = 1.5 A 

• Voltage based TS (flexible TS threshold setting) 

• 3 mm x 3 mm QFN16 
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Charging current 

BQ2510x 

• VIN = 4.45-6.45 V, max 30 V  

• VREG = 4.2/4.35 V 

• ICHG = 250 mA, ITERM ~1 mA 

• IQ <~75 nA 

• 1.6 mm x 0.9 mm WCSP6 

• 1.5 A high efficiency SW charger 

• Power path 

• VIN = 4-13.5 V, max 22 V 

• I2C programmable VREG (3.5 V - 4.52 V) 

• >94% efficiency  

• OTG boost VOTG with 4.6 V / 4.75 V / 5 V / 5.15 V 

• 20 mA low termination current 

• 9.5 µA quiescent battery current 

• 7 µA ship mode 

• 2 mm x 2.4 mm CSP 

BQ21061/25155 

• I2C control 

• VIN = 3.4-5.5 V, max 20 V 

• Programmable JEITA 

• Regulated PMID 

• 1.25 mA – 500 mA accurate ICHG 

• 0.5 mA low termination current 

• LDO/load switch: 150 mA 

• Pushbutton control 

• Ship mode 10 nA 

• 16 bit ADC (BQ25155) 

• 1.6 mm x 2 mm WCSP 

BQ25125 

• I2C control  

• VIN = 3.4-5.5 V, max 20 V 

• Linear: ICHG = 5-300 mA 

• Buck: 1.8 V (1.1-3.3 V)/300 mA 

• LDO/load switch: 100 mA 

• Ship mode 2 nA 

• 2.5 mm x 2.5 mm WCSP 

Chargers portfolio for wearables 
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BQ25618 

• Next gen of existing hero BQ24040 

• VIN abs max 30 V 

• VREG pin programmable 4.05-4.4V 

• ICHG = 10-800mA 

• 2 mm x 2 mm SON10  

BQ25170 (preview TI.com) 



DESIGN RESOURCES 
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Setup guide 
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• PMP21884 folder 

• Design guide 

• Design files: schematics, BOM, 

Gerbers, software, etc.. 

• Device datasheets: 

‒ BQ25150 

‒ TPS62770 

‒ TPS62801 

‒ TPS7A05 

BQ25150 reference design PMP21884 – Tiny, ultra-low IQ DC/DC power 
supply with battery charging reference design for wearables 

• Battery charger dynamic power path management optimizes 

charger for weak adapters 

• Full power supply with smallest possible footprint and ultra low IQ 

ideal for small wearables for extended battery run time 

• Boost hardware selectable between 12 V for PMOLED display 

bias or 5 V for LED driver supply pin for bio-sense AFE IC 

• Integrated, ultra-low IQ buck plus boost saves space and battery 

 

 

 

• Ultra-small (48 mm2) total footprint power supply solution 

• 400 nA IQ linear battery charge management solution with fast 

charge, LDO, load switch and ADC 

• Seven rails for various peripherals: 1.8 V @ 1 A, 0.3 A, 0.1 A; 

1.2 V @ 0.2 A; 12 V @ 0.06 A or 5 V @ 0.150 A 

• Selectable, integrated boost rail for PMOLED display or heart 

rate monitor LED driver 

• Ultra-small, ultra-low IQ regulation: 0.48 mm2 1 µA IQ LDO plus 

0.70 mm2 2.3 µA IQ buck converter and 2.5 mm2 370 nA IQ dual 

buck + boost converter 

Features Benefits 

Tools & resources 

• Smartwatch and fitness trackers 

• Consumer and medical wearables 

Applications 

BQ25150 

Charger+LDO 

VIN 

TPS62802 

DCDC 

TPS62770 

Mini PMIC 

TPS7A05 

LDO 

Tiny total 

solution size 
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http://www.ti.com/tool/pmp21844
http://www.ti.com/product/bq25150
http://www.ti.com/product/tps62770
http://www.ti.com/product/tps62801
http://www.ti.com/product/tps7a05


Summary 

• Wireless headset and wearables market are growing fast 

• Common design considerations (i.e., power integration, standby time, safety/reliability, 

SoC, Iterm, benefits of power path) 

• Specific design considerations for TWS (i.e., charge efficiency, connectivity, power 

recycle) and wearables (i.e., pushbutton flexibility) 

• TI has design resources to help you design products! 
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Battery charger quick search tool 
- quickly helps you find the products you need 
(link) 
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Put in a few  
charging parameters 

See hero products on 
the top of the list 

http://www.ti.com/power-management/battery-management/charger-ics/products.html


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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