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MARKET TREND



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



Sgueeze on smaller board and have more functions

Charger
input

Charger

MCU core

buck —>  12VMCU
—>» 18VIO
3 Load switch  f—3
Buck Load switch % :
7\ Load switch %
PMID/SYS
LDO ——> 3 Vdisplay
GPS buck ——>  0.7/0.9 VGPS
Li-ion
battery
OHR boost OHR LDO

1.8 VBLE

1.8 V Wi-Fi

1.8 V sensors

* 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

——=>¢ 4.5V bio-sensing AFE and LEDs
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Get more out of a smaller battery & increase standby time

How critical is the battery leakage?

Days of Use for One Charge
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Assuming a smart tracker that uses 50 mAh, 70 pA
avg system |,

e.g., BQ25100 75 nA battery I,

Ship mode and power path

From charge

case boost
VIN u E System
T BATFET
Power path
charge:) Battery
From charge
case boost
VN 1 & System
Non power
path charger Battery

e.g., BQ21061 10 nA ship mode current
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Get more out of a smaller battery & increase standby time —

System considerations

System I, consideration: extra |, or extra
components

5v
@ TN sYs [—r—8Ys
T b
rrL 1 vou
10802 -
Y InTC
RT2 = INT P—
10k
4#
. ,\ BATT [—1—<BATT

SDA
PG \\ECL GND 4’_l

* Need external FET ($0.03-0.05) and GPIO to cut
off NTC Ig

* NTC is biased by Vp (V,\ Or Vgar)

* NTC bias |g is large (~ 200 pA) from battery
(including ship mode) w/o external FET and GPIO

TI: minimal 15, no external component

ADC

BQ25155

TS lanas

TS
measurement
control

VDD

TS

-
L1

NTC RPARALLEL

I—N\AN—
—AANN—

* 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

N
»

1. Flexible JEITA: configurable cutoffs and actions
Most Chargers: BQ21061: g’
Fixed thresholds . Variable thresholds on software g’ ICHG_cooL
< 0¢ VCOLD VCOLD A g
VCOOL VCOOL - VREG_WARM
i Full 2 B
NORMAL NORMAL NORMAL Control ?
JWARM S g
I o vHoT

Battery Thermistor Temperature (°C)

2. BAT, board temp monitoring using ADC

BQ25155
ADC 1.2-36V
VBAT
ICHG
\'/'I’?'\l SDA — SDA
L ¢
VPMID sC SCL
ADCIN ADCIN |— MCU
TS TS |—
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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 g'
Is charged and the warm/hot condition happens Lh
« BQ25155 has options to discharge the battery in any of the o
external conditions 80
&
PMID
* Implementation: A
— Using the built-in ADC comparators to identify when battery IPG
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
BQ25155
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Tell the status of charge (SoC) using a gauge or ADC

Battery Voltage vs SOC

4400 A

—— Tl Gauge

--- Polynomial Regression of Order 15

« For high accuracy, gauge ICs are needed — will
take temperature, current information into
consideration

4200

4000 A

(mv)

< 3800 -

w
=]
o
o

Battery Voltag
b
o
=1

« For lower accuracy, BQ25155 has a 16 bit ADC
that can measure the Vg,r, Which can be used to
look up the SoC value

3200 A

3000 +

T T T T T T
100 80 60 40 20 0
S0C (%)
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Utilize battery better: Accurate charge termination

Vearr (VOIts) lgarr (MA)

5.0 |
4.0 /"”"’_’_—/’\\ 0

| — 130
3 . O \ IBAT_4mA fkerm +
. s
2.0 \ total)
‘\ 10
1.0
10
O . -
30 60 90 120 Charge time (minutes)

« Charged 41 mAh battery at 40 mA fast charge current (1C)
« Termination (l,) 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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SPECIFIC CHALLENGES
FOR TWS



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

- Chargingcase - ——— . Earbuds |
| I ‘
i ‘ ‘
TPS22910A l TPSZZS:!.OA ) [
g > tasuckcomerer [ %] S | gy ) laxd > sazsiss :
| Battery Charger |<—
Bamshfmer 1 | w/ Variable Vin i
: W/ Boost TSSA12301E | TS5A12301E !
Analog Switch : Analog Switch !
(_pattery | |
|
|
[y | |
| |
MCU ; BT/SoC |« |
| |
|
| |
. Why do we need it? * How do we solve it?
TWS case has limited number of — Single line communication between the earbud and
charges for earbuds charging case for optimal V, for earbuds
— TWS earbuds gets hot when — Increased efficiency w/dynamic case output
charging voltage adjustment allowing for more charge cycles

and cooler devices
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https://www.ti.com/lit/an/sluaa04/sluaa04.pdf

Connectivity requirement — Instant power on when inserting

the earbuds

From charging

case

VIN

Earbuds
3.4V 3V
u -~ System
BATFET
e

Power path

charger 2.5 Vm
L
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Watchdog for power cycling in MCU stuck situation

From charging case 4vy

\AN

Earbuds

37V>0> 3.7V

N

7

L4

—

Power path
charger

BATFET

nd

36V

Battery

ORL

« 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
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Chargers portfolio for TWS

Earbuds ‘
@

BQ25125

Case

o |
O * 12C control |
% * Vjy=3.4-55V, max 20 V BQ21061/25155 | BQ25619
* Linear: Igyg = 5-300 mA « I2C control ! ) o
é » Buck: 1.8V (L.1-33V)/300MA | "3 4y max 20V ! * 1.5 A high efficiency SW charger
« LDO/load switch: 100 mA N : + Power path
) . : * Programmable JEITA i . — A
h + Ship mode 2 nA Regulated PMID | \gm 4-13.5V, max 22V
. * I + 12C programmable Vges (3.5 V - 4.52 V)
8_ 25mm x 2.5 mm WCSP * 1.25mA -500 m_/-\ accurate lche i . >94% efficiency REG
o3 * 0.5mA low termination current ! + OTG boost VgrgWith 4.6 V/4.75V 5V /5.15V
* LDO/load switch: 150 mA i * 20 mA low termination current
g * Pushbutton control i + 9.5 PA quiescent battery current
o . Sh|p_ mode 10 nA : » 7 YA ship mode
S + 16 bit ADC (BQ25155) . . 4mm x 4 mm QFN
+ + 1.6 mm x 2 mm WCSP '
8 BQ2510x LT P—— BQ2407x(T)
LL « V,y=4.45-6.45V, max 30 V _ (preview Tl.com)

+ Power path

eV, =4.2/4. . isti
REG 4.2/4.35V Next gen of existing hero BQ24040 . V. = 4.35-6.4/10.2 V, max 30 V
* leng = 250 MA, lrggy ~1 MA * V,yabs max 30 V VARG AIY
* lg<~75nA * Vges Pin programmable 4.05-4.4V o REG t. 1 .5A. '
+ 1.6 mm x 0.9 mm WCSP6 * lepg = 10-800mA cHg UP 10 L.

* Voltage based TS (flexible TS threshold
setting)
3mm x 3 mm QFN16

<500 mA > 500 mA Charging currsnt

e 2mm x 2 mm SON10
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SPECIFIC CHALLENGES FOR
WEARABLES



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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Chargers portfolio for wearables

BQ25125

* 12C control

* Viy=34-55V, max 20V

* Linear: Igyg = 5-300 mA

e Buck: 1.8V (1.1-3.3 V)/300 mA
* LDO/load switch: 100 mA

* Ship mode 2 nA

e 25mm x 2.5 mm WCSP

BQ2510x

* Vy=4.45-6.45V, max 30 V
* Vgeg =4.2/1435V

* lepg = 250 MA, liggm ~1 MA
¢ lg<=75nA

* 1.6 mm x 0.9 mm WCSP6

Features & performance

Y e

Nieasuing:-

!

BQ25618
BQ21061/25155

 12C control

* Vy=34-55V, max 20V

» Programmable JEITA

* Regulated PMID

* 1.25 mA =500 mA accurate lcyg
* 0.5 mA low termination current
* LDO/load switch: 150 mA

* Pushbutton control

* Ship mode 10 nA

» 16 bit ADC (BQ25155)

e 1.6 mmx 2 mm WCSP

+ Power path

* >94% efficiency

* 7 YA ship mode

» Next gen of existing hero BQ24040 .

* V|yabs max 30V .
* Vges Pin programmable 4.05-4.4V .
* lcyg = 10-800mA .
* 2mm x 2 mm SON10 .

* 1.5 A high efficiency SW charger

« Vy=4-135V, max 22 V
+ |2C programmable Vg (3.5V - 4.52 V)

* OTG boost Vorgwith4.6V/4.75V/5V/5.15V
* 20 mA low termination current
* 9.5 YA quiescent battery current

2mm x 2.4 mm CSP

BQ25170 (preview Tl.com) BQ2407x(T)

Power path

V|y = 4.35-6.4/10.2 V, max 30 V

Vgeg = 4.1/4.2/4.35/4.4

leng=1.5A

Voltage based TS (flexible TS threshold setting)
3mm x 3mm QFN16

<500 mA

> 500 mA Charging currgnt
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DESIGN RESOURCES



Setup guide

START

{fp TEXAS INSTRUMENTS

Primary Secondary
Charge Charge
Parameters Parameters
Battery Voltage * Pre-Charge to
Charge Current Fast Charge
Input Current Threshold
Limit *  Owver Current
Protection
* Under Voltage
Lock-0ut

= Safety Timers

Load .txt File

Populates Excel workbook
with a previously saved
register initialization .t<t file
gerated either using this.
workbook or using BQ Studio.

Generates a .t file with all
register intialization values
which can be uploaded to BQ
Studio or usedin firmware
code.

BQ25155 Setup Guide Tool

Input Thermal ’ ADC ’ Additional
Parameters Parameters Parameters Features
Push Butten = Temperature- * ADC Read Rate *  PowerPath
Input dependent charging *  Comparator +  LDO Settings
Reset functionality Settings +  Ship Mode
Functionality * JETA Thresholds + Interrupt Masks
Wake Timers *  NTC values
ADCIN, PG, and
Generate .txt File q Generate Code

Generates a .txtfile to be
ugedin MCU code with all
registers already initialized.

&
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BQ25150 reference design PMP21884 — Tiny, ultra-low 1o DC/DC power
supply with battery charging reference design for wearables

« Ultra-small (48 mm?) total footprint power supply solution  Battery charger dynamic power path management optimizes
* 400 nA I, linear battery charge management solution with fast charger for weak adapters
charge, LDO, load switch and ADC * Full power supply with smallest possible footprint and ultra low 1,
» Seven rails for various peripherals: 1.8V @ 1A, 0.3A, 0.1 A; ideal for small wearables for extended battery run time
12V@0.2A;12V @ 0.06 Aor5V @ 0.150 A * Boost hardware selectable between 12 V for PMOLED display
» Selectable, integrated boost rail for PMOLED display or heart bias or 5 V for LED driver supply pin for bio-sense AFE IC
rate monitor LED driver * Integrated, ultra-low |5 buck plus boost saves space and battery
* Ultra-small, ultra-low I, regulation: 0.48 mm?2 1 pA lo LDO plus
0.70 mm? 2.3 pA |, buck converter and 2.5 mm? 370 nA I, dual Tiny total

solution size

buck + boost converter BQ25150

. . Charger+LDO
Applications Vin o

+ Smartwatch and fitness trackers i
* Consumer and medical wearables —

L8V MCUNOI— w

Tools & resources 1

+ PMP21884 folder - Device datasheets: el
» Design guide —BQ25150 -
« Design files: schematics, BOM, - TPS62770
Gerbers, software, etc.. — TPS62801
— TPS7A05 ’s

Wi3 TeXAS INSTRUMENTS


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, ..., benefits of power path)

Specific design considerations for TWS (i.e., charge efficiency, connectivity, power
recycle) and wearables (i.e., pushbutton flexibility)

T1 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

Quick search

Battery specifications

No of cells in se

Cell chemistry

Charger specifications

Control interf§ce

Put in a few
charging parameters

See hero products en:-

Hide filters

79 matching parts out of 267 total parts

the top of the list

Number of series cells

Charge current (Max) (A)

*——
0.5 1.55

Cell chemistry

OR v

O Lead Acid

Part Number

Filter by part number 0,

BO21061 - 500-mA 1-cell linear charger
with 10-nA ship mode, power-path,
regulated system voltage and LDO=/

BO25619-12C controlled 1.5-A single
cell buck battery charger with 20-mA
termination and 1-A boost

BO24040 - Standalone 1-cell 1-A linear
battery charger with 4.2-V VBAT and
Temperature Sensing

BO2407ZT - Standalone 1-cell 1.5-A
linear charger, Power Path, 4.2-V VBAT,
oltage-based TS w/ TD

BQ25618-12C controlled 1.5-A single
cell buck battery charger with 20-mA
termination and 1-A boost in WCSP

BQ25155- 500-mA 1-cell linear charger
with 10-nA 1Q, power path, regulated
system voltage, 16-bit ADC and LDO

umber Charge
of current

series (Max) Cell chemistry b
cells (A)
1 0.5 LiHlon/Li-Polymer, LiFePO4, 55
Lithium Phosphate/LiFeP04,
Lithium phosphate
1 15 Li-lon/Li-Polymer, LiFeP04, 135
Lithium Phosphate/LiFeP04,
Lithium phosphate
1 1 Li-lon/Li-Polymer 6.5
1 15 Li-lon/Li-Polymer 6.4
1 15 Li-lon/Li-Polymer, LiFeP04, 13.5
Lithium Phosphate/LiFeP04,
Lithium phosphate
1 0.5 Li-lon/Li-Polymer, LiFeP04, 55
Lithium Phosphate/LiFeP04,
Lithium phasphate

Operating Operating
Vin (Max)  Vin (Min)

v}

315

35

435

34

Control
topology

Linear

Switch-
Mode
Buck

Linear

Linear

Switch-
Mode
Buck

Linear

Contral
interface

Standalone
(RC-
Settable)

Standalone
(RC-
Settable)

2C

2C

2C

2C

Features

Integrated LDO, Power Path, BAT temp themmistor menitoring (hot/cold profi
voltage threshold to maximize adaptor power), IC thermal regulation, Input C

BAT temp thermistor monitoring (JEITA profile), USB OTG integrated, Input ©
VINDPM (Input voltage threshold to maximize adaptor power), IC thermal red
current limit)

BAT temp thermistor monitoring (JEITA profile), IC thermal regulation, Input
voltage threshold to maximize adaptor power)

Input OVF, Power Path, BAT temp thermistor monitoring (hot/cold profile), Vi
threshold to maximize adaptor power), IC thermal regulation

BAT temp thermistor monitoring (JEITA profile), IC thermal regulation, [INDP
Input QVF: Power Path, USB OTG integrated, VINDPM (Input voltage threshol
power)

Integrated LDO, Power Path, BAT temp thermistor monitoring (JEITA pra@8),
monitering (hot/cold profile), Integrated ADC, IC thermal regulation, Input OV
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http://www.ti.com/power-management/battery-management/charger-ics/products.html

Aiming to provide you with convenience

Buying on Tl.com: from concept to production, inventory when you need it.

ti.com/buy

» Largest inventory of authentic Tl products

Custom quantity reels
now available

* Immediately available inventory

* Lowest online prices*

Convenience delivered. - Cut tape, custom and full quantity reels

» Exclusive access to preproduction devices

» Multiple payment options: line of credit (select
Everything v = Search the Tl store for products and tools (e.g. OPA333) reg|0nS)’ Credlt CardS, Paypa.l, A“Pay, WeChat
Pay, and Union Pay

, , » Flat-rate shipping anywhere, every day
Buy on Tl.com - convenience delivered

Purchasing on Tl.com is the easiest way to access the largest inventory of immediately available, authentic Tl parts at lower online prices. From prototype
to production, you can get what you need from Tl - production quantities, preproduction parts, multiple payment options and flat-rate shipping
anywhere, every day.
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