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TI B BETRERBHEAR

EHER : TWS , HEREWYL , HIFIEW , ...

Charging Port Battery
Voltage
N N\ ;
( % 7& %‘ E . ¥ R Supervisor
-

/MR
BME , Bilq

USB Current [ 2 Charger - Buck Buck-Boost
Limited Switch [ Converters | Converters
| Guage

Input Power H Non-Isolated DC/DC Power
Protection Energy Storage Supply

o R B IR -
 BERPSITE -

Microphone

Driver

Memory QOutput User Interface

Capacitive
Touch Ig

MCU

| Audio
Push !
Bistton = Meel Processor
Control

Digital Processing

Example Tl solution:
BQ25100, BQ24078, BQ27426

fH - | -]
fH| ]

i [ T

B
Klq(<HtE )
STRRRP TN AE —
SRR, MER T
Example Tl solution:
TPS61099, TLV733P, TLV62568

Input User Interface

Bluetooth Audio Class D m ]))
BLE DAC Amplifier m )
)

Audio Qutput

Wireless Interface

WIRELESS HEADSET, HEADPHONMNES, EARBUDS

fﬁﬁ : )
(E 1%, DAC)

Class GEH
DirectPath® R E BA

\ BREARWE )

Example Tl solution:
TPA6141A2, TPAG6130A2, PCM5102A

(RAP%E : )
(LED3EZh, ADC, fifiiz)
FRaEET MR
SERE , KIE

| BE AR y

Example Tl solution:
LP5569, TLV320ADC3101, MSP430FR2512
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TI Designs Number: TIDA050007

Solution Features

*  18uA Ultra-low standby current

+  Support Up to 1.5A fast charging current

»  Pass-through mode when VIN>VOUT

» Higher than 15% charging cycles than traditional 5V
constant output boost charging case

»  Features protection functions: Ouput Short Circuit

Protection, Input Over Voltage Protection

Down to 1mA charging current accurac

Tools & Resources
scecesse TIDA050007

[ X XXX RN D |
Design Files: Schematics, BOM,
Gerbers, and more

Device Datasheets:
. TPS61099
BQ25100A
BQ24073
MSP430FR2100
TPS7A05

INSTRUMENTS

TID&Signs

High charging efficiency to achieve 15% more charger
cycles

Ultra low standby current to extend battery lifetime
Small solution size, easy PCB design

High charging accuracy

5 IN
USB+

USB-

2 |—#=SCP_PRO

© MSP430
FR2100

—
Charging Case LDO

TPS7A05

Solution Benefits

SCP_PRO

BLE earl

bud

ouT
BQ24073 .

ou
BQ25100A

= TPS61099

vss @ T
& - o Vboost

AT1

BAT1

I .
LM s Svs:

anp

BAT_NEG

15 j BAT2

ISET_PRETERM TS
%3 ﬁ: %:\7
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Products  Applications & designs  Tools &software  Support & training  OrderNow  AboutT! DwmyHisoy Wcart @engish D Application notes & user gujdes
R e nEngish ¥ Application Notes (3)
Headsets, Headphones and Earbuds Title

+eadsets, Headphones and Earbuds system design resources and block diagram B Power Multiplexing Using Load Switches and eFuses (Rev. 4)
o g Using Loa ol u tev. A)

Select a subsystem | 4) T RG =R A

Is Your IGBT Gate-Driver Power Supply Optimized
Description Reference designs & products Technical documents Support & training The current sense is used to monitor = - PPl
magndtude and direction of the current
flow into the battery, There are two

Desc 1 ) &ﬁﬁ %J‘ZS types of current sensing circuitries:

ysis of Power Supply Topologies for IGBT Gate Drivers in Industrial Drives

@ Mo Selection & solution guides
Our integrated circUits and reference designs help you create industry leading basic and Today's servo drive power stage modules often require:
reinforced isolated power stage modules for servo, CNC and robotics drives. Our . Selection Guides (1)
innovative technology provides industry leading ChdLl lowsst ion dalzy and high - Basic and reinforced eapacitive isolation technology Reference designs {13)
EMC immunity to enable system robustness. s 9 olated and non-isolated IGBT/SIC/GaN FET gate driver Data Canverters (6] ~ Title
2) J\—\LJ % E%EF Ji?% B solated and non-isolated power solutions
Select a subsystem for: | arc Welding Machine v low drift current and voltage sensing Amplifiers (10) Lo B Power Management Guide 2016 (Rev. Q)

Arc Welding Machine C B
Laser Welding Machine i
Ultrasonic Welding Machine

Solution Guides (2)

IGBTSFETs

Title

B Motor Drive and Control Solutions (Rev. 1)

Power Stage 3-Phase

2
—— RE

:
o <4 - BB

B Industrial Commun on Solutions Guide {Rev. B)

6) ik s fFHERE
e wwe | Product bulletin & white papers

White Papers (1)

Ind
Trarisiab FPGA

| o ]
Digital Processing Title

B Enabling robots to achieve new levels of factory automation

Outpul Protection Blogs & authored articles
! S =
Beard to Diagnostes — Blogs
board W icrosecan ount: East Current innovation atar » rar
” ion Curent & Vitage Senas When microseconds cou ast Current Loop innovation helps motors work smarter

W3 TEXAS INSTRUMENTS




Tl.com.cn : HIZRHE—K ALK

 10F#=RBEZ=R. & <« 3,000&%TIDesignss - 724E&ER/FHK, &

SIKER , BAHR

B, TREE, S EZigit , BET L, 5 REERE, BEER FEREEEER , R

gkﬁé%nggg‘%DLP‘ 1% E, Bff. PAERES BXSE ‘T:I_:TI Store

T F & R - SERBRELKIZI, = 3 o A7) ey 0

g‘ﬁfﬂf%ﬁ%gﬁg - REESER, B, WERM, HFZR K Eiﬁﬂmﬁ’f‘!hm
L PAERE TS BR. WEAE BRI 5B = Bty

RUIXFRRs P > E2E (%X) z

R RS A oTa) D

VI ol o 2] 2 =TI

TiDésigns B3 nesen — store

myTIK ™. AR 55 M€ )

W3 TEXAS INSTRUMENTS



myTI K : TRENF AT H

https://my.ti.com

3 C -e
gg 4 bes

;;z

ﬂu)&myTl 2 RN HAb:

Tistore —¥WEXBYFEE , MR
FRIE , —FTR

. BE T ERERZHHK
- FA WEBENCH® i&it T EBH# TR

it
A

« THEFmERN , REBMRTIR,

REFEREEMERER

- BICEBBREENT M

- EE/ TUHE AR

- M/ SIELIESES)
+ REMELNEBWY

9

W3 TEXAS INSTRUMENTS



B 1] R WU
10:00 — 10:15 TEEYBEAARRRITES Kerry Song

10:15 - 10:40 Tl T B BMERERSGIRT Alen Chen

10:40 - 11:05 TI T B4 LED R 3hig it Michelle Shi

11:05 -11:30 TI B&EH I RRS R Raphael Xu

11:30-11:45 | TIMCU Rfibin 5 =g it Ling Zhu

11:45 - 12:00 TI HttERA BN LS RNE Kerry Song




L EYBRMERS R

TWS Ear buds, Hearing Aids, Wireless Headphones

July 24, 2018
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Battery Management What problem are we solving? www.ti.com/bms

Battery Automotive
Products BAP

it gl e
* Faster & Cooler charging * Longer run time (15%-20%) * High cell count precision AFE
. . & cell balancing for

* High efficiency and Flexibility * Maximum Life automotive applications
* Highly integrated * 99% Accuracy (Impedance Track™) * Primary, secondary & total
* Low power and high power ¢ Reports state of charge & state of protection

health .
* Extend battery life & run time ) . Enhanced safety

¢ High cell count precision AFE & cell
balancing

* Primary, secondary & total protection

* Enhanced safety

* Counterfeit batteries & accessories

Better user experience

Industry Leader

* Wireless Power Standard,
ISO26262, Smart Battery Data
interface and more

* Impedance Track™ and CEDV
fuel gauging

* Energy Battory Power
Harvesting

¢ 100’s of
patents

Commiitted to Customers

* Investing more R&D in
emerging technologies &
applications

* 300 battery engineers world
wide

* 500 customers trained yearly
* Online Battery Management
University "
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NTA. - 5
9&2& W.Ei.)& = _" Focus for Today
EHTRE TWS EE&EH LR IHE XRATLE o
. ( (4] ) & Hearing aids
v < _

* bg2510x « bqg2423x « bg2510x « bg25120A

Smallest Solution with

Smallest termination current Power Path for Smallest termination current -
and solution size w/o power instant power on for and solution size w/o power integrated power
ath . management
P charging case path
* bq24040
+ Gauge BQ27426/BQ27421 * bqg25120A 1A no Power Path
Low power, high accuracy Smallest Solution for Full +  bg2407x

Featured Applications

* Protector BQ2970 1.5A w/ Power Path

+ Simple, easy to use

14

W3 TEXAS INSTRUMENTS



TWS EXZ&E
- BANE LK EIAR3IMEit

v BEEANRBERER/AENZEEFREBAEERA

OENE

v ATRBIHENAFER
BRXKHTE

« & vs FF<F B Charger

v % BIFE,
W2 S A B
BREE
i =E==:)

v FFXFITEH
ZEHRERHHBRHE
SEKRE , BE&ZR@boostHEINEE
EENRPIIEE

, ORI TR I

/ Charging case \

BEERE 2
1 X
X = =
\ } Earbud Battery
in,
0
BQ24073
BQ25100B
BQ24232H

BQ21 040
BQ24040
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P M T Lk

MEBESH?

High Accuracy in Current & Voltage

BiIE TR, Bt B E ey

Low Termination Current
EATARKBRT, KBEMTRR TR ER, T HE

Low Battery leakage
/D AR, ZERAFHLAT H]

Small Size
REEAE 1 0k E]
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VN FEEE

« Battery 25mAH to 80mAH, charge current <200mA MCU/
Pogo Pin Ch
 Linear Charger Features g —> Téger Bluetooth J
Ny socC
— 0.5mA accurate termination current ensures

battery more fully charged (5 ~ 10% effective
capacity difference)

— Smallest solution size 6.5mm?
— Ultra Low Iq: 2nA (Shipmode), 700nA (HiZ)
— 5mA min fast charge current

— Fully programmable temperature thresholds and BQ25100 total solution size
charging profile

— System hardware reset (Power cycle) through 12C 2
or button press 6.5mm

— Multi-point System Monitoring with integrated ADC

17
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Accurate Small Battery Termination

Viarr (Volts) lgarr (MA)
5.0 :
40
4.0 !/\ ;:
o - 30
30 = i T
20 o H4M 5 %\ 2mAh »
1.0 / .
- 0
0 D B E
30 60 90 120  Charge Time (minutes)

FH41mA FI 78 LR 2 78— 41 mARh R (1)
EiutEEmL 4 mA(10%) &% 1 mA

18

W3 TEXAS INSTRUMENTS




Low Battery Leakage
— Significantly Improves Battery Life

For a sport band that uses 50mAH battery and supports 30 days of normal use,
how critical is the battery leakage?

Days of Use for One Charge

31

29.97
20 4 29.57
Q 29- 27.99
D 28-
Y
o 27 26.22
5 26 -
1]
B 5o 24.67
24 - . 23.29
23 1= I
0.075 1 5 10 15 20
Battery Leakage to Charger only (uA)
bq25100
75nA Leakage/Quiesent Current 19
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LI ERCiE R

BQ25100 — Simple Standalone Charger

USB Port or
Adapter

VBUS l IN ouT
D+ 1uF
. :E— vss
GND) =
== ISET L
1350 % PRETERM

= 6k

bq25100

——————————

HOST

- ATREFZRDBME , ERSOC/PMICHEES
- BB EREM 6.25mm?

« 75nA 1Q, 1mA #1855k

- HEFEHAE

- BEHEREK , TEEARGHZTE.

BQ25120A/150 — Charger + ADC + Buck/LDO
+12C SR

PMID | Unregulated:
IT| Load |
IN lm

I VINLS ™~

bg2515x
GND LS /LDO -————
—_L_I 100mA |
= Load |
== CE I | o |
HOST | soA von t———-
SCL —_L—I <10mA |
| oa

4
5
Qe
-
o

/PG

7 Bhlbe

ADCIN =
Ts 1

NTC -
_ NTC % éJ_T

_EO\: MRT

- ATHRESREHHEEMCU 258354,
- REBE , RELR , BREATETADCEE
- REHETUEHLREERI2C

- BREEEMBuck/LDO

20
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FRESFHFREIC Tt corcom ~

I |
—
: | Boost
@Jljli o J ; 00S
- Battery 0.2Ah to 1.5Ah, charger current up to 1+A ‘ : az Hi :
Yy l ¥
Linear Charger Features &7 & | BQ24073 F !

- BREE NEVNNZHERGERN TS
- ZEBBERE&ES UE 1.5A
— & 1q = 2nA (Ship-mode), <1uA (Standby)
- HEZTEA
- Switching Charger Features FFx 7 &
- B¥ER , REAREBEANIHITIRS

_BQ2dz3x_ _ _1

- BEEE
— D+/D- BC1.2BE B X ARSI ) i

- BRARTRENAERH = [ "
- RENNRP A \\ Bl bt L
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Power Path BB EE £ X BEFH(Linear charger)

- WAMBEREERREY Q1E1%; TEBRAQZH

- FRWADREBNERLT , B RENREE T B F TR E A UEMET,

c HWMADRTBHELT , BIAESHNRBRLER , IEXREEFASNEHNELIRET
- HESTBEBRENNINEHEED T, SUEBNTEEL

- ERENREREFNMENENZENERT , BEEERLEN

5V UsB

Charging case

W3 TEXAS INSTRUMENTS



Egl-‘l:l-*u Eg)\‘mﬁ# .BQ27426

AR S FEQUAPRBRAER, | 0.6UASCITE S
1.6mm*1.6mm WCSP #/ME3&E

SCL SRN VSYS
Elaig SDA | Coulomb é
Counter S ?
GROUT - Battery Pack
«— ADC |4 BAT PACKP &
Li-lomn
T Cell
Protection
IC
= =7

- BEASEMPABERK , RRFEHBEEUTNGEMBEE

- ERNTGHEpIEMBEE | BB E TR EK B £ A

- SRESRR, BF , /mr_ﬁ/)nu ( BRD R LUES LA 5 = 8 5a E|
100uASREES ) , ATA TRENEFEH M

*{i TEXAS INSTRUMENTS



ESERITHERDSHE: bq27426 Example

« 500 mAh EEBHIEE DR 2
100 A

Es \tRﬂ
. BOREEBIF10 1mA100UA ﬂ o

PGND EXT_VCC

TP1

« IEFE—F100 mQ 1%HY &8, EN
1‘¥ EE.BH , BIN 2°‘5 lNSTRUMENTS

Pack. “\94V0 BQ27426EVM-738 [}

E315391 PWR738A
Js R II : l_

*j-z }E E’J H_J_ﬂ:._ 9_._ |Z-_|_§ ﬁﬁﬁ 200mA , For evaluation only; not FCC approved for resale.
1E| ERA\ fﬂ EE.E'L'“Z EE./JM,E
2000mA
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Ultra-low Standby Power Reference Design for Wireless
Earbuds Battery Charger

Tl Designs Number: TIDA050007 TIDésigns
Solution Features Solution Benefits
*  18pA Ultra-Low Standby Current * High charging efficiency to achieve 15% more charger
»  Support Up to 1.5A Fast Charging Current cycles.
« Pass-through Mode when VIN > VOUT + Ultra low standby current to extend battery lifetime
» Higher than15% charging cycles than traditional 5-V *  Small solution size, easy PCB Design
constant output boost charging case « High charging accuracy

»  Features Protection functions: Output Short Circuit
Protection, Input Over Voltage Protection
Down to 1mA charging current accurac

Charging
Case Lbo |28V
TPS7A05 tsense [

MSP430
FR2100

Tools & Resources

s ﬁ m—l Earbud
Jse+ " 5024073:: L —— %l 1 BQ2510(;/U\T1
TIDA050007 T B 33| @ l s 1T v
Design Files: Schematics, BOM, %%%% - $ +
Gerbers, and more v

Device Datasheets:
. TPS61099
BQ25100A
e . BQ24073
TIDA-050007 E1 . MSP430FR2100

. : TPS7A05
13 TEXAS ‘
|NSTRUMENT5’N__MM AR
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TIDA050007 R &Ha B

Charging 25y MSP430
Case LDO ' ovee - FR2100
TPS7A0S | el

ves P21
1 ; Earbud
L1
vouT Yboost " G

ouT| YN SW
IN e
USB+ BQ24073_ T .. TPS61099 | |BQ25100A| | &AT2
T jBAﬂ §§ z] Ol PRETERM 18]
™ B Rsense

ILIM ISET TMR TSVS§—#
USB- an
22823822 v ¢ 3

v

Isense v

« 1SUARSFNLINEE
« MBHLERIE , TPS61099HIEN Pina] LAEERIMCU |, X [lboost #i , |&/MLFE

%ﬁ%a%ﬁ%o 26
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TIDA050007 F|

Iboostii -

Charging - MSPA30
Case LDO : vee  FR2100
TPS7A05 lseﬂ, P14
vss

OUT
N 1¢c
BQ24073 T o TPS61099

T BAT BaTt

USB+

\\\\\\\\\\\\\

N F8
USB- an
e

v

Earbud

(L

3.8

0.15

0.145

o
5
~

0.135

0.13
0.125

I + . | 0.12

—— Boost Output Voltage

— | — VBAT2 voltage 0.115
Input Current

0.11

25 50 75 100 125 150 175 200 225
Time (mins)

- BAT2E# 8B EAEKTBAT1ZBE FHER , TPS610993 ERER
- BAT2ER[E#ZiT & S TBAT1AT , TP86109914£)KEEJ_ RBEE
e 5V/\boost#i H & E E’J%Eiu%u.b , MY HRNIIER/EE

27
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Test Results

Boost Output Adjustable | Boost Output 5-V fixed Reavboos |
Green:lboost ! : : : : ; ]
ILIM=130mA  ILIM=190mA  ILIM=130mA  ILIM=190mA Pinki BAT2 (AN AN
VBAT1=3.3V 2.77 W-H 2.83 W-H 3.40 W-H 3.34 W-H
VBAT1=3.6V 2.75 W-H 2.81 W-H 3.34 W-H 3.37 W-H ’
VBAT1=4.0V 2.70 W-H 2.77 W-H 3.36 W-H 3.37 W-H IL M%13°m A |
VBAT1=4.2V  2.66 WH 273 W-H 3.35 W-H 3.35 W-H oY B OEN.- MR S
Average 2.72 W-H 2.78 W-H 3.36 W-H 3.36 W-H i B°°“°‘_“P“"_"°‘*%e -
st OutpuyNiirrent,
Charging - 86.2% 71.4% 71.4% ; '
Efficiency i
A 600mA-H BAT2 is used in this test. -----
The energy consumed by this battery is 2.4WH (600mA-H* 4V)
ILIM=¢90mA

Chd 100rmA @

A Chl # 16V




FREE

BMS solution

HilzxH

THEET

ARt

Bt AR 37

FmEs
BQ25120A

BQ25150*
BQ25100
BQ24073
BQ2423x

BQ25601/6

BQ25895

TPS61099
BQ27426

BQ27421

BQ2970

FEBETR
300mA

500mA

250mA
1.5A

500mA

3.0A

5.0A

1A Boost
NA

NA

NA

iR
SERE +ADC+Buck+LDO 12C#2#i
SEKE +ADC+LDO 12CH# ]
BMER , BEBLESRR
RERLEFTH , THRESHE
ZERE , TREETE EAE
PORFFRFE , WEEE , WRME4.5V ~5.5VHE

REFRFE , REEE  BEFXRERD , TRE
4.5V ~55VHE

BENE , BEAESH
RIh#E , (ERABELT , HNERREVFHEE
KIh#E , (ERABEIT , ERBREVFBEE

REA | & A R
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Tl — Wireless Headsets Solutions

Charging Port

USE Cument
Limited Switch

Input Power
Protection

—

Battery
e =)
Batlery
arger

Batlery
Guage

g8

Energy Storage

Voltage
Supervisor
Rl Buck Buck-Boost
Converters | Converlers

Non-lsclated DC/DC Power

Input User Interface

Antenna

Bluetooth
BLE

Wireless Interface

Supply
Flash RGE LED
Diriver
Memory Output User Interface

Audio

Digital Processing

Y

il
Audio Clas= D ﬂ'-'.-l
DAC Amplifier q

Audio Output

ti.com.cn/wirelessheadset

Our solutions help you create Bluetooth
headphones, headsets and earbuds that are

smaller, smarter, reliable and

more efficient. From in-ear monitors, to
over-ear or on-ear headphones with Bluetooth 5,
consumers continue to want next-generation
devices that deliver the best possible audio
experience, while reducing outside noise.
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10:15-10:40 TI T&EHBMERRGIRLT Alen Chen

10:40 - 11:05 TI B B #l LED Kz it Michelle Shi

11:05 -11:30 TI B&EH I RRS R Raphael Xu

11:30-11:45 | TIMCU Rfibin 5 =g it Ling Zhu

11:45 - 12:00 TI HttERA BN LS RNE Kerry Song




TI FLEHL LED Bahigit

18 22 LEDIR B fh 2%
Jiti /=32 (Michelle Shi)
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RGBW Driving AAA LEDs

Driving Animated LEDs Driving Amount of LEDs

Without (SRS % - I :
Engine 23l v % =\ \

MCU LED Driver

“(:‘“ﬁ &
~<F =
B y —a
1 > v S —_—
P . \
Q T e
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Tl — Wireless Headsets Solutions

Charging Port Battery

&=

=
Battery
USB Current B ol Charger
Limited Switch Battery
Guage

Input Power
Protection Energy Storage

Microphone

Push
Button -
Control

Input User Interface

Antenna

Bluetooth
BLE

Wireless Interface

- B
Converters

Voltage
Supervisor
Buck-Boost
Converters

Non-lsolated DC/DC Power

Flash

Memory

Supply

RGB LED

Driver

Qutput User Interface

Audio
Processor

Audio Output

WIRELESS HEADSET, HEADPHONES, EARBUDS

The Qutput User Interface subsystem
consists of drivers for indicator LEDs.

REFEREMNCE DESIGNS (3) PRODUCTS (4)
Power Management (4) ~
LP5569 - Mine-Channel 12C RGE LED T

Driver With Engine Control and Charge
Pump

‘W Order now
=) online datasheet

Download datasheet

LP55231 — 9 Channel RGB / White LED ~
Driver with Internal Program Memory
and Integrated Charge Pump - WQFN

LP5521 — 3 channel RGB/White LED r
driver with internal program memory
and integrated charge pump

TLC529116 — 16-Bit Fast-Mode Plus (FM+)
I2C-Bus Constant-Current LED Sink
Driver

34
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RGBW LED Driver

P 9/12/18/24/30/36 CH, 25.5mA, CA
P 12 bit PWM (20Khz)

P> Const. Current

P QFN

TLC59208/108/116

) 8/16/16 CH, 50/120/120 mA, CA

c
o
pre

Z c

@

(O]

P> 16/8 CH, 25 mA, CA

p> 8 bit PWM & 6 bit BC P> 8 bit PWM
P> Const. Current / Open Drain (F) »> Open Drain
P 17V Out, QFN & TSSOP > QFN

P 4/1 CH, 25.5 mA, CC P> 4/1 CH, 25.5 mA, CA/CC

p> Const. Current »> 8 bit PWM & 8 bit DC
» BGA P> Const. Current

> BGA
LDO/DCDC | N

Cin
LED Driver

Current Sink

LM2755/1

‘ Low Iq CC: Common Cathode DC: Dot Correction
G Engine Control CA: Common Anode  BC: Brightness Control

P 9CH, 25.5mA, CA

P> 12 bit PWM (20Khz) & 8 bit DC
P> Const. Current

P QFN

®
®
2z
= @
8=
()
S

P> 9 CH, 25.5 mA, CC P 12 CH, 40 mA, CA

P> 12 bit PWM & 8 bit DC P> 6 bit PWM, Boost with Audio Sync
P> Const. Current P> Const. Current

> BGA & QFN » BGA

p> 3/1 CH, 20/150 mA, CA P> 3 CH, 25.5 mA, CC

P 5 bit PWM »> 8 bit PWM & 8 bit DC
P> Const. Current P> Const. Current
> BGA p BGA & QFN

Cc1 c2

Current Sink

LED Driver
vouT | Current Souce

. Production . Sampling . Development . Concept
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LP5569
9-Channel 12C RGB LED Driver With Engine Control and Charge Pump

Features _ ______________[]Benefits

Supply Voltage Range: 2.5-5.5V
9 High-Accuracy Current Sinks

o 25.5 mA Maximum per Channel

o 8-Bit Individual Current Control

o 12-Bit 20-kHz Internal Individual PWM Control Without Audio Noise
Three Programmable LED Engines

o Independent lllumination Control Without Active Microcontroller

Control
o Synchronization Among Multiple Devices
o Up to 256 Instructions in SRAM for Storing Sequences of Lighting
Patterns

o LP5523- and LP55231-Device-Compatible Command Set
Flexible Dimming Control

o 12C Dimming Control

o Engine Dimming Control

o PWM Direct Input Dimming (100-Hz to 20-kHz)
Adaptive Charge-Pump to Drive High-VF LEDs With Low Battery Voltage
Master Fader Control Allows Dimming of Multiple LEDs by Writing to Only
One Register to Reduce the 12C Bus Traffic
2-pA Low Standby Current and 10-pA in Automatic Power-Save Mode When
LEDs Are Inactive
POR, UVLO, and TSD Protection

Appllcatlons

Smart Speaker, Smart Home Appliance
Doorbell, Electric Lock

Smoke Detector, Thermostat

Set-Top Box, Smart Router

Bluetooth® Headset, Handheld Device

» Ultra smooth color changing and fading with high PWM resolution and dot correction

» Autonomous operation reduces system power consumption when the processor in sleep mode
» Easy coding for Flexible LED lighting Patterns

*  Full functionality over battery voltage range

« Easy manufacturability with integrated diagnostic

25Vio55V
VIN

VIN
1.8V o—4—y o

e EN/PWM

LED4

CLK
LEDS

GPIOTRIG/INT

LED6
ADDR

LED7
AGND

LED8

Copyright © 2017, Texas Instruments Incorporated

PART 12C SLAVE ADDRESS
NUMBER

LP5569RTWR 0 32h-35h and 40h (40h is broadcast address)
LP5569ARTWR 1 42h-45h and 40h (40h is broadcast address)
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LED Ring Demo — LP5569

4 pcs LP5569 12 RBG LED Module

%0 BRe1
[ Brss
[ 8 Rs0
I §p58
o 8hss
J gRS7

VINSEL

LED Ring Effects:

aq
3 »  Breathing (mono-color & mixing-
3 color)
o »  Chasing (mono-color & mixing-
color)
»  Two colors chasing in another
MSP432 Launchpad 12C Interface color base
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Demo Videos in Ti.com

Videos

LP5569 12C RGB LED driver demo

TI's LP5569 12C RGB LED driver helps you achieve ultra-
smooth color and brightness control with less power and
zero added noise. Learn more in this video.

Posted: 25-Jan-2017

Duration: 05:26

View the LP5569 12C RGB LED driver datasheet.

LP5024 Demo Video

n 432 | 527

LP5569 Demo Video

38
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LP50xx (Riverstone)
36/30/24/18/12/9-Ch 12C RGB LED Driver

I E S

Appllcatlons

Operating Voltage Range:

o Vcc Range: 2.7V to 5.5V

o EN, SDA and SCL pins compatible with 1.8V, 3.3V and 5V Power

rails

o Output Maximum Voltage: 6V
Constant Current Sinks with High Precision

o 25.5 mA Maximum per Channel when VCC in full range

o 35 mA Maximum per Channel when VCC 2 3.3V

o Device-to-Device Error: £5%; Channel-to-Channel Error: £5%
Ultralow Quiescent Current

o Shutdown Mode: 1uA (Max.) when EN = LOW

o Power Saving Mode: 10uA (Typ.) when EN = HIGH & All LEDs Off >

30ms

Integrated 12 Bit, 29 kHz PWM Generator for each channel

o Independent Color Mixing Register per channel

o Independent Brightness Control Register per RGB LED Module

o Optional Logarithmic- or Linear-Scale Brightness Control

o Integrated 3-Phase-Shifting PWM Scheme
3 Programmable Banks (R/G/B) for Easy Software Control of each Color
Two External Hardware Address Pins for Connection up to 4 Devices
Broadcast Slave Address for Configuring Multiple Devices Simultaneously

Smart Speaker, Smart Home Appliance
Doorbell, Electric Lock

Smoke Detector, Thermostat

Set-Top Box, Smart Router

Bluetooth® Headset, Handheld Device

Easy and Optimized Design for Color Mixing and Brightness Smooth Control with high resolution
PWM generators in each channel
26KHz internal PWM Generators offer enough margin to eliminate the audible noise
Easy Software Control of Each Color and Good Channels Synchronization with 3 programmable
banks
Balance System Level Power Consumption without Side Effect for LED Animation by ultralow
quiescent current in Power Save Mode
Minimize the Input Power Budget with 3 phases PWM shifting

VCC

VLED

= ¥

MCU

l
I—4

39
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LP50xx Value Propositions

T

Each Channel 12 bits / 29KHz PWM
Generator

3 Programmable LED Banks

10uA Ultra low quiescent current in
Power Saving Mode

3 phases PWM shifting

Easy and Optimized Design for Color Mixing and
Brightness Smooth Control
No Audible Noise

Easy Software Control of Each Color and Better
Channels Synchronization

Balance System Level Power Consumption
without Side Effect for LED Animation

Minimize the Input Power Budget
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LP5523/LP55231

9 Channel LED Driver ‘ Internal PWM ‘ 12C
Benefits

Grouping option of LEDs, 3 execution engines

25.5mA full scale, 8 bit current resolution, 12 bit PWM control
Adaptive high efficiency charge pump

Internal program memory

Trigger input interface

20nA typical standby current
LP5523 - 24 pin 2.3 x 2.3 uSMD package
LP55231 - 24 pin 4.0 x 4.0 QFN package

Electronic Thermostats

Fire Notification

Robotics

Intruder Notification

Light Switches/Dimmers
Gaming/Smart Headphones

Flexible control of LED lighting patterns

Lots of current control for LED lighting and/or color balancing
Full functionality over battery voltage range

No need for extra memory chip or microcontroller

Allows for GPIO triggering, rather than 12C write

Low system power impact when disabled

Flexibility in size vs. manufacturability

=3 Cz =31 Cz
D47 pF 047 pF 04T F 047 pF

r”—l r“—[ 1 coaur H '—I ]—“—[ Cout
Ci+G1- G2+ G wouT| T 1uF G C1- G2 c2-vouT| T 1wF
Wiw = 27 TO § S0 o Wi = 2.7% TO 5.5 <
WDD " ¥0D »
Cw o ‘:PII C o o
|.u=—=|— Grr 1IlfI 7
= ] ot @ -
S B el b
=H4 02 »t S0 03 >
neu i
a7 e o
oLk R 77 oLk B
L Ll I
LP55231 G ;'], LP5523M s »t
S Z
s 877 — T ng B
— TR o4 ot —TRE & e
A=El ASELD s
SEELY o LIPZ ASELY © »
GHD o GHD - A
B » »t
L
bs; ot WLED &P PLICATION
RelLED WOTE: D7, D3 &N D [9 POUWERED

ARRLIGATION DIRECTLY FROM Vi
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Design Considerations

42
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Multi-channel LED Driver Design Considerations

1 Current regulation?
LED Power Supply? LED Binning, Matching?

Current Programmable?

- - H 9 ______________
PWM Brightness dimming? LED Diagnostics?

MCU W,

Interface?

# of Channels per IC?
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Multi-channel LED Indictors Design Considerations

DESIGN CONSIDERATIONS SOLUTION BENEFITS

Battery No regulated power supply needed
LED Power Supply
Regulated power rail, i.e. DCDC Regulated power supply, better thermal dissipation
Resistor + low side switch Low cost
LED Current Regulation
Constant current driver Better matching accuracy; mixed LED binning
Programmable Constant Global current setting through resistor Easy to design
Current Individual channel current setting Calibration for mixed color LED
Direct 1/0 PWM control no software, fail-safe
PWM Brightness Dimming
Integrated PWM generator Save /O resource
. . Open load, short to ground, short LED,
Diagnostic off-state open load detection Safety related tell-tale
I/O ports Easy to design, low cost
MCU Interface
Serial or Bus, i.e. SPI/I2C Cascade for more ICs, save I/O resource
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Lighting Engine

= Without Lighting Engine = With Lighting Engine

MCU loading MCU loading

v' Off-loads from MCU, instead of full-duty occupancy.

v' Save the system standby power, MCU could be in sleep mode with ultralow Iq.
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RGBW Indicator LED Driver Topologies

Current Source / Common Cathode
2.7-5.5V VIN

12C

CLK

TRG

EN

Current Sink / Common Anode

2.5-5.5v

12C

CLK

TRG

EN

46

W3 TEXAS INSTRUMENTS




First Power Stage for the Current Sink and Current Source

LDO/DCDC | yIN

iLbN

TLC59116
LP5562

C1 c2

O
Vbat

vouT
7, " "

T
Cin
Current Sink LP5569 l
LP5523
LP55231
LP5521
vouT | Current Souce

LP55281
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Headphone Amplifier Overview

Raphael Xu
July, 2018
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Key Headphone Amplifier Key Use Cases

 Primary uses
— Portable, battery power, consumer grade devices
— AC power, consumer grade
— ACpower, professional grade

* View on the market: New Trends
— Digital only audio interface
— Wireless ear buds, need mono amps
— Bluetooth headphones and speakers
— But all is not lost for 3.5mm jacks

her_a:

\U A

50
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Low Power Headphone Amplifier Portfolio Features

DirectPath (ground-centered outputs)
Output power from 25 — 150mW

Flexible inputs/outputs
— Differential and SE options

Ultra-low shutdown power modes
Class AB and G amplifier solutions

Numerous Integrated features

— Filter-free outputs, 12C Programmability, Selectable
Gain, Volume control, Digital microphone input,
Charge pump, secondary ADC, automotive specs

Multiple packaging options
— As small as 1.6mm?2
— WCSP, QFP, TSSOP, MSOP, SOIC

%

51
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Stereo Headphone Amplifiers

>

TPA6138A2
* 0.25W @ 32ohm

* Charge Pump
* TSSOP

TPAG130A2  Catal
« 0.138W @ 160hm

¢ Volume Control

« WQFN, DSBGA

TPA6133A2

* Very Low Ig
* WQFN

TPA4411 Sass o
* 0.08W @ 160hm

* Cost & Size Saving

* DSBGA, QFN

TPAG132A2  Cailal
- 0.025W @ 160hm
*» Differential Input

Power (W) @ THD + N = 1%

* WQFN

Class AB

* 0.138W @ 160hm

TPA6166A2

* 0.03W @ 320hm
* Ultra Low Power
* DSBGA

Class G

TPA6141A2
* 0.025W @ 160hm
* Ultra Low Power
* DSBGA

Direct Path

Class AB

TPA6120A2

* 1.5W @ 320hm
* High Fidelity

* HSOP, VOFN

* 0.15W @ 160hm
* Differential Input
* MSOP

TPAG111A2  CLalaly
- 0.15W @ 160hm
* Differential Input

* MSOP

No Direct Path

TLV320DAC3100

+ Mono Class D 4ohm
+« 2.5W @ 4ohm

* QFN

TLV320DAC3120

¢ Mono Class D 4ohm
* 2.5W @ 4ohm

* QFN

TLV320DAC3101

« Stereo Class D 8chm
¢« 1.2W @ 8ohm

* QFN

TLV320DAC3203
* 0.125W @ 320hm

* |2C or SPI Control
+ DSBGA, QFN

Digital Input
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Stereo Headphone Amplifier Comparison

High Output

Easy to Use

' Power Savings

Products TPA6112A2 TPA6120A2 TPA6130A2 TPA6132A2 | TPA6133A2 | TPA6138A2 | TPA6141A2 | TPA6166A2
Architecture Class-AB Class-AB Class-AB DirectPath |Class-AB DirectPath|Class-AB DirectPath| Class-AB DirectPath | Class-G DirectPath | Class-G DirectPath
Input Signals Differential Differential & Single Differential Differntial Single Differential & Single Differntial Differential
Output Signals Single Single Single Single Single Single Single Differential

Min 2.5 15 2.5 2.3 2.5 2.5 2.5 1.7
Supply Nolteee (V) Max 6 +15 5.5 5.5 5.5 B.5 5.5 1.9
Output Power at max supply 150 150 142 22 142 40 Z5 30
Signal-to-Noise Ratio (dB) 100 128 98 100 93 96 105 105
DC Offset Voltage (mV) 2 0.15 0.5 0.135 0.5 0.5 0.05 0.05
Quiescent Current (mA) 1.5 - 4.2 1.05 4.2 - 0.6 1
Shut down Current (pA) 10 - 1.4 0.6 1 14 1 1.05
A-Weighted Noise Floor ([1Vgys) 11 0.9 9 5.5 12 13 5.3 2
12C Volume Control No No Yes No No No No Yes

MSOP/HSOP 3 x 5 MSOP (10) 7.5 % 12.82 HSOP (20) - - - - - -
Packaging Options | TSSOP - - - - - 6.9 x 5.6 TSSOP (14) - -
{Pins/Balls) QFN - 3.5 x3.5 QFN (14) 4 x 4 QFN (20} 3 x 3 OFN (16) 4 x 4 QFN (20) - - -

WCSP/BGA - - 2 x 2 DSBGA (16) - - - 1.6 x 1.6 WCSP (16)|2.5 x 2.5 WCSP (25)

Special Features

Automotive
Qualified

Low THD 112 dB;
high SNR at 128 dB;
1300V/us Slew Rate

12C volume control
Automotive
Qualified version in
2018

Space saving
package

Shutdown and
Mute pins

Easy to use
package

Class-G power
savings

Class-G power
savings; lack
Detect; Mic Pre-
amp
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High Output

Features TPA6120A2 TPA6141A2
Mono or Stereo Stereo Stereo
Input Signals Differential Analog
Input, Digital or Analog Analog Differntial
Output Signals Single Single
Recommended Supply Voltage (V) [Min +5 2.5

Max +15 5.5
Output Power (W) Load (Q) 32 16 | 32| 32

Supply (V) - 2.7

THD (%) - 1|10 1

Power (W) 1.50 0.025 | 0.032 | 0.026
Signal- to- Noise Ratio (dB) 128 105
DC Offset Voltage (mV) 2 0]
Quiescent Current (mA) - 0.6
Shut down Current (HA) 11.5 1
Noise Floor Gain (1UVgys) |A—Wt 0.9 5.3
PSRR (dB) 75 105
Auto-Short Circuit Recovery No No
Packaging Options Size (mm) 7.5x12.82 HSOP (20) 1.6 x 1.6 WCSP

Package 3.5 x 3.5 VQFN (14)

Pins 20, 14 -

Ball - 16

Pitch (mm) - 0.4
Stat-up Time (ms) - 5
Dc-Dc Boost No No

Special Features

Hi-Fi

DirectPath Class G
technology to significantly
prolong battery life. Gain
select
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Class-G advantages over Class-AB

 Lots of wasted power with fixed supply rail Class-AB around 4 mAgys per
channel into 32 2 with 1 mW sine wave

» Class-G adds a lower voltage rail and control that adjusts supply voltage with
the audio signal

» Voltage Increases to prevent distorting and clipping large peak voltages
» Voltage decreases during small peaks which improves battery life

4.8V = -~ e e
1.3v-—---

oV-

A13V-— L
IR )V KA S | S | —

VOUT
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TPA6141 Class-G Battery Life Comparison

Battery Voltage (V)

45 S

e
—%\\

Battery Discharge Curves for TI| Headphone Amplifiers

o~

35

TI DirectPatht™M HP Amp

25

TPA6130A2 138mW \ \

—

_.____\
/

TPA6141A2 25mW
Tl Class-G
DirectPath™M HP Amp

™

TPA6132A2 22mW
TI DirectPatht™M HP Amp

20 40 60 80

100

120 140

160 180

Time (Hours)
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TPA6141 Class-G Music Playback comparison

Phone battery discharge during music playback

4.3 | |
== Tl Class-G Technology | |
41 - Class-AB Technology
Sool
(<b] .\—_—.
O 3.7 ~—
(3°]
= \
(=]
S 3.5
aty
g 3.3
om 3.1 \
o 18.5 hours 22.5 hours
2.7
0 5 10 15 20 25 30

Phone music playback time (hours)
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High Output

Features TPA6120A2 TPA6141A2
Mono or Stereo Stereo Stereo
Input Signals Differential Analog
Input, Digital or Analog Analog Differntial
Output Signals Single Single
Recommended Supply Voltage (V) [Min +5 2.5

Max +15 5.5
Output Power (W) Load (Q) 32 16 | 32| 32

Supply (V) - 2.7

THD (%) - 1|10 1

Power (W) 1.50 0.025 | 0.032 | 0.026
Signal- to- Noise Ratio (dB) 128 105
DC Offset Voltage (mV) 2 0]
Quiescent Current (mA) - 0.6
Shut down Current (HA) 11.5 1
Noise Floor Gain (1UVgys) |A—Wt 0.9 5.3
PSRR (dB) 75 105
Auto-Short Circuit Recovery No No
Packaging Options Size (mm) 7.5x12.82 HSOP (20) 1.6 x 1.6 WCSP

Package 3.5 x 3.5 VQFN (14)

Pins 20, 14 -

Ball - 16

Pitch (mm) - 0.4
Stat-up Time (ms) - 5
Dc-Dc Boost No No

Special Features

Hi-Fi

DirectPath Class G
technology to significantly
prolong battery life. Gain
select
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TPA6141A2

DirectPath™ Class-G Amplifier with Gain Select

 Features ] Benefits

» Class-G Amp w/ 32mW/Ch into 32Q « Maximizes battery life

* DirectPath Ground-Referenced Outputs  Eliminates DC blocking caps

+ Differential Inputs with integrated low-pass filter * Reduced system noise

« 2.5-5.5V supply voltage » Covers the power supply rails typically available in
* Gain Control portable systems

* Ground Sense Pin * Chose either 0 or 6dB

* YFF: 16-ball, 1.6 x 1.6mm, 0.4mm pitch wCSP » Reduces ground-loop noise

M : !-LF
OUTR+ 4| l_ INR+

Notebook PCs

EN m——

EM
GAIN

SGMND
AGND

Handsets s oo | A e i T e
ouUTL+ 4“_ INL+ ouTL ——o—™
TableS OuUTL- 4”_ INL-

Docking Stations
Remote Control

GAIN —o
Vbat mp—]

2.2 uH
2.2 uF

ANDD

sSwW
HPVDD

HPVSS

CPP CPN

2.2 uF

1uF

T
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Headphone Amplifier Overview

July, 2018
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TPAG6138A2

25mW Class-AB Amplifier with DirectPath™

 Features | Benefits |

» 25mW output power into 32Q at 3.3V

* DirectPath Ground-Referenced Outputs

* Differential Inputs

* Active mute control

» External Under-voltage Mute

* Integrated charge pump

« PW: 14-pin, 4.5 x 5mm, 0.65mm pitch TSSOP

Applications
Television

Speaker Bar
STB

* Louder audio than the leading competition
 Eliminates DC blocking caps

 Better noise rejection = better audio quality
» Pop-free audio On/Off control

* Output mute upon power supply removal

» Remove split-rail power requirement

W3 TEXAS INSTRUMENTS



TPA6133A2 / TPA6130A2

138mW Class-AB Amplifiers with DirectPath™

 Features ] Benefits

« 138mW output power into 16Q at 5V * Louder audio than the leading competition

» DirectPath Ground-Referenced Outputs » Eliminates DC blocking caps
» [2C Configurable (TPA6130) » Available with or without 12C control
+ 2.5-5.5V Supply voltage » Covers the power supply rails typically available in portable
* Low supply current : 4mA at 5V systems
* 109dB PSRR * Low power consumption for battery-powered applications
* RTJ: 20-pin, 4 x 4mm, 0.5mm pitch QFN « Enables direct-to-battery connections
* YZH: 16-ball, 2 x 2mm, 0.5mm pitch wCSP (TPA6130A2

only)

A A A

Notebook PCs T

Docking Stations

Left Out P

Right Out M

Right Out P

0.47 uF
0.47 uF
0.47 uF

0.47 uF

LEFTINP

RIGHTINM TPAG130A2

RIGHTINP

CPP_CPN CPVSS

HPLEFT

HPRIGHT
GND
GND

VDD VDD

5

|H—

L‘Q 1 MFDi 1 uF 1 pF

1uF

s T~
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TPA6141A2

DirectPath™ Class-G Amplifier with Gain Select

 Features ] Benefits

» Class-G Amp w/ 32mW/Ch into 32Q « Maximizes battery life

* DirectPath Ground-Referenced Outputs  Eliminates DC blocking caps

+ Differential Inputs with integrated low-pass filter * Reduced system noise

« 2.5-5.5V supply voltage » Covers the power supply rails typically available in
* Gain Control portable systems

* Ground Sense Pin * Chose either 0 or 6dB

* YFF: 16-ball, 1.6 x 1.6mm, 0.4mm pitch wCSP » Reduces ground-loop noise

M : !-LF
OUTR+ 4| l_ INR+

Notebook PCs

EN m——

EM
GAIN

SGMND
AGND

Handsets s oo | A e i T e
ouUTL+ 4“_ INL+ ouTL ——o—™
TableS OuUTL- 4”_ INL-

Docking Stations
Remote Control

GAIN —o
Vbat mp—]

2.2 uH
2.2 uF

ANDD

sSwW
HPVDD

HPVSS

CPP CPN

2.2 uF

1uF

T
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TPAG6166A2

DirectPath™ Class-G Amplifier with Jack Detection

 Featyres | Benefts |

» Class-G Amp w/ 30mW/Ch into 32Q * Maximizes battery life
» DirectPath Ground-Referenced Outputs » Eliminates DC blocking caps
» -42 to +6dB volume control » 1dB steps and control for each channel
 Differential Microphone Pre-Amp * Removes requirement of external AC coupling capacitor
» Two programmable Gains » Easily determine attached devices and customize settings
+ Advanced Accessory detection « Ability to use low-power passive buttons for wakeup
» Secondary ADC for passive multi-button support purposes
* 12C Control » Standard inter-chip communication

* YFF: 25-ball, 2.5 x 2.5mm, 0.4mm pitch wCSP

Handsets

Tables

Notebook PCs
Docking Stations

H ¥
]

igital
Baseband
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TPA6132A2

25mW Class-AB Amplifier with DirectPath™

 Features . |Benefits |

« 25mW output power into 16Q at 2.3V * Loud and Low power option

* DirectPath Ground-Referenced Outputs  Eliminates DC blocking caps

» Selectable Gain (-6,0,3,6dB) » Customize to your applications

« 2.3-5.5V Supply voltage » Covers the power supply rails typically available in
* Low supply current: 2.1mA at 2.3V portable systems

+ 100dB PSRR » Low power consumption for battery-powered
* RTE: 16-pin, 3 x 3mm, 0.5mm pitch QFN applications

« Enables direct-to-battery connections
Applications |

Handsets
Notebook PCs

Docking Stations

CODEC

OUTR+|
OUTR-
ouUTL+
ouUTL-

NABLE m—
GAINO m——
GAINT m»————
VBAT B—

INR+
INR-
INL+
INL-

EN
G0

G1
VDD

TPAG132A2

HPVDD

cPP

OUTR
ouTL

SGND
PGND

HPWVSS
CPN

A

N
1

.
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TPAG6138A2

25mW Class-AB Amplifier with DirectPath™

 Features | Benefits |

» 25mW output power into 32Q at 3.3V

* DirectPath Ground-Referenced Outputs

* Differential Inputs

* Active mute control

» External Under-voltage Mute

* Integrated charge pump

« PW: 14-pin, 4.5 x 5mm, 0.65mm pitch TSSOP

Applications
Television

Speaker Bar
STB

* Louder audio than the leading competition
 Eliminates DC blocking caps

 Better noise rejection = better audio quality
» Pop-free audio On/Off control

* Output mute upon power supply removal

» Remove split-rail power requirement
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TPA6112A2

150mW Class-AB Amplifier

(egimeen  lEeiene

* 150mW output power into 16Q at 2.3V
Differential Inputs
2.5-5.5V Supply voltage

Low supply current : 1.5mA at 2.5V
* 10uA current in Shutdown mode

DGQ: 10-pin, 3x5mm, 0.5mm pitch MSOP

Handsets
Notebook PCs
Docking Stations

Louder audio than the leading competition
Increased immunity to noise

Covers the power supply rails typically available in
portable systems

Low power consumption for battery-powered
applications

Rightin G
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TPA6120A2

High Fidelity Headphone Amplifier

 Featyres . |Benefits |

* Current-feedback amplifier .
+ 128dB Signal-to-noise / 112dB THD+N .
* Output Noise: 0.9uVrms .
* Differential Inputs J

* Independent power supplies .
* RGY: 14-pin, 3.5x3.5mm, 0.5mm pitch QFP
« DWB: 20-pin, 7.5x13mm, 1.2mm pitch

Applications

HiFi Smartphone
Professional / Consumer Audio Equipment
Headphone driver

Low voltage noise and distortion

Highest performance amplifier

Very low output noise

Achieves maximum dynamic range and noise
immunity

One amplifier can be turned off to save power /
Low crosstalk

[ T 11
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Headphone Architectures

- Standard
— Large output capacitors (100uF+)

* Pseudo-ground
— Also called Output Capacitor-Less (OCL)
— Uses a VCOM bias voltage

* DirectPath™

— Charge-pump generates negative rail
— Eliminates output caps
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Standard Headphone Amp

e -
W v
> NI
C
= GND

* Pros - Cons
* Well understood * Needs large output caps
e Good channel Separation — Increases size (and height)

— Increases THD
— Increases cost!

* Interfaces with non-
headphone accessories
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Output Capacitor-Less Amp

"-L> ~ I:I
= ," GND
* Pros - Cons
* No large output caps * Lower channel separation

* Does not interface with non-
headphone accessories

W3 TEXAS INSTRUMENTS



Ground Centered DirectPath Amp

vDD e —— o v ————————— — — —
P /\

W I

/> - U

- Vss

* Pros « Cons
* No large output caps * Due to_charge pump, amp has to
+ Excellent low frequency response ¢ destlgned to reduce quiescent
« Excellent channel separation eurren ,

: * Tl amps have low quiescent
* Interfaces with non-headphone current

accessories
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()

CapTlvate™ for Headsets

The world’s lowest power cap-touch MCU in a tiny 2.3mm x 2.3mm package
Ling Zhu

74
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CapTlvate overview

www.ti.com.cn/captivate

Robust and reliable &
ces

Tolerant to electromagnetic distur

Resistant to oil, water and grease

Consistent performance in temperature variations
IEC and IPX certified solutions for reliibility

" Single-chip versatility
Up to 64 buttons

Proximity, sliders, wheels

| \ % <2uA wake-on touch/Bfoximity, grip detection
/ ‘ Touch through metal, plastic, glass and wood

\ ‘,\
Tools and stpport

Easy to use toolsand softw
CapTlvate Design €enter: arted i minutes '
TI E2E™ support unity
Extensive online tr. and documentation

MSP430
FR25xx

i TexAs
INSTRUMENTS

MSP430
FR26xx

I} TExas
INSTRUMENTS
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Possible use cases

MSF430
FRZoxX

Biw
NSTRUMENTS
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CapTlvate for Headsets - Ultra low power

Electrode scan setu .
f‘_l Up to 90 percent lower power than other solutions

» Scan up to four buttons at 0.9 pA per button with the CPU completely turned off
* Autonomous peripherals enable you to do more with less power

Measure

‘ chctit\je » Experience up to 5 years of battery life on a single coin cell battery
Process MCU ) H ™
Drift compensation ASIeep World S Only FRAM MCU Wlth CapTlvate teChnOIOgy
Noise Filter

« FRAM and CapTlvate technology on the same device allows for HMI applications
with ultra-low-power data logging and state retention capabilities
* 1075 write endurance

* 100x faster and 250x lower energy writes than other non-volatile technology

* Above
Threshold ?

Delay = scan rate

Process Touch event

77
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CapTlvate for Headsets - DSBGA

MCU compared to a pen

MCU compared to aﬂne

Sensors kit with high resolution slider, 3 mutual
apaci uttons, and 2 self capacita‘tons

Ve
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CapTlvate for Headsets — Touch on Metal

 Touch on metal

— Enable gesture control via a series of swipes and taps on the metal casing.
— Work with gloves.

L= 2=
00 00

L

http.//www.ti.com/lit/an/slaa811a/slaa811a. 7;gdf
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CapTlvate for Headsets - Summary

1'%

2.3 mm

BB

Tiny package

2.3 mm

Ultra low power

-

S

Touch on meﬁl

80
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Get started today

 Use the CapTlvate Design Center to develop your solution
without writing a single line of code

« MSP-CAPT-FR2633 Development Kit ' L :

= |
mnm

mm1 HUIIIN

« Comprehensive technology quide to assist your design

« Start tuning your sensors in less than 5 minutes

« CapTlvate Touch MCUs Portfolio

81
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TI$H X Fogk

PLAZ

IS REF @S

JI“:: Ill li”J /,‘J— *lR

Hls e e F AR

A4 )7 % Hotl HpL#E 5 CHARGHERE, 7 RS A SH IR
A ey TIDA-050007 TWS.&(IU)JF% LIS E
BQ25100 250mAHLERHIA . FLITHILE 1 A T g
BQ24045 32 FH LY A F L - Lt e L
BQ24078 FLA R AR PR MY 1.5A ZEPE A LA
LY A A B £ 48 | BQ27426 FL A5 4 i s HLBEL P4 2 4k 5 Impedance Track™ L I 1
TPS61099 FLAT RIS A0 A T R A5 TH R e 2%
TLV733P FH Aot s A A A R L PR Y E AR 4. 300mA.,  IRJERERa IR 4%
TLV62568 ) SOT-23 B0 1A FRUBR T s
TPAG141A2 25mW G 2 DirectPath™ 44 45 FEHLICK 2% (TPAB141)
i AR 5 TPAG132A2 FLAT 4 75 $05 6B ) 25mW DirectPath ™ 7 45 TEHLC A 5 (TPAB132)
PCM5102A FLA7 32 fi 1.8V 10 [f] 2VRMS DirectPath™ 111/106/100dB {4 27 {4 5 DAC
LEDRHR: LP5569 i JI*Mﬁ:ftﬂﬁlruﬁ-‘fi;érﬁj_niiﬁjﬁ_lzc RGB LEp DRI
LP5018 LP5018 18 il 12C i 1l RGB LED 40 &
TLV320AIC3254 S FF AT 44 f'.! miniDSP {1 R B RE S AR 75 5 s i e 4
P2 6 £ 45 TLV320ADC3101 | 3 #5407 242 57 WA miniDSP 1) 92dB SNR {2k 1475 ADC
MSP430FR2512 xH CapTIvateth CORE S FLa omg Y i 2 U B oA (1) MSP430MCU
EE MSP430FR2100 H.47 1KBFRAM. 0.5KBSRAM. 101 ADC [f] 16MHz e il ds
R AFE4410 bR A E VLR HLLAT FIFO 6 A el AL AFE
DRV5032 AT EE 1.65V 4 5.5V 1E AR M T Skl 7
Hofih 3 P 2% 1F SN74LVC1G3157 | 1 il 2:1 Bfilor o

84

W3 TEXAS INSTRUMENTS



EAFTWS HEilS&Ei&it

TI Designs Number: TIDA050007

Solution Features

*  18uA Ultra-low standby current

+  Support Up to 1.5A fast charging current

»  Pass-through mode when VIN>VOUT

» Higher than 15% charging cycles than traditional 5V
constant output boost charging case

»  Features protection functions: Ouput Short Circuit

Protection, Input Over Voltage Protection

Down to 1mA charging current accurac

Tools & Resources
scecesse TIDA050007

[ X XXX RN D |
Design Files: Schematics, BOM,
Gerbers, and more

Device Datasheets:
. TPS61099
BQ25100A
BQ24073
MSP430FR2100
TPS7A05

INSTRUMENTS

TID&Signs

High charging efficiency to achieve 15% more charger
cycles

Ultra low standby current to extend battery lifetime
Small solution size, easy PCB design

High charging accuracy

5 IN
USB+

USB-

2 |—#=SCP_PRO

© MSP430
FR2100

—
Charging Case LDO

TPS7A05

Solution Benefits

SCP_PRO

BLE earl

bud

ouT
BQ24073 .

ou
BQ25100A

= TPS61099

vss @ T
& - o Vboost

AT1

BAT1

I .
LM s Svs:

anp

BAT_NEG

15 j BAT2

ISET_FRETE;
% £l f 2 % E
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Boost TPS61099

Up to 5.5V output synchronous boost with ultra-low quiescent current

FEATURES BENEFITS

0.8uA ultra-low I5 under Light Load
Operating Input Voltage from 0.7 Vto 5.5V

Adjustable Output Voltages from 1.8 Vto 5.5V
— Fixed version available

0.8 A Min. Switch Current Limit
True Disconnection During Shutdown
>70% Efficiency at 10pA Load
>90% Efficiency at 10mA ~ 200mA Load

6 Pin 1.23 mm x 0.88 mm WCSP Package
Pass-through mode

APPLICATIONS

Heart rate monitor

RF module power supply
Sensor power supply
Wearable devices

* Small package to allow compact system design

» Ultra low Ig and true disconnection to extend
battery run time

* High output capability to support pulse load
« Short Circuit Protection

V‘V‘I;f‘\(“\ VDUT
B sw vOouT _L S
: Cour 1.8V to 5.5V
v TPS61099 Rue i
NG VIN FB 10uF
0.7V to 5.5V CINL Roown
1uF EN GND -

Vout options / Vout
TPS61099 Adjustable
TPS610997 5.0V
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LDO TPS7A05

200mA, Ultra Low I1Q LDO in small package

Ultra Low lq: 1UA (typ); 2uA,max (-40C to +85C
1% Typical Accuracy, 1.5% (-40C to +85C)
Fast Transient Response

* 1mA to 100mA load: 50us recovery
Very Low Dropout

+ 204mV(max) @ loyt=200mA,Voy1=3.3V
Available in fixed output voltages 0.8V to 3.3V
WCSP (0.65mm X 0.65mm), SON-4 (1x1)
Available with Active Pulldown
T, = -40 to +125C operation

)

Wearable fithess devices

Tablets, e-readers, Remote Controls
Portable Consumer products
Always-on power supplies

DFN
(SON 4) WCSP

Low current for long battery life

Stable output for low power applications

Suited for applications with low duty cycles and long sleep
durations

Allows for maximum efficiency by optimizing upstream power for
minimum power loss.

Powers processor with sub 1.2V power rails

Small packaging for space critical applications

Allows for compliance loads requiring deterministic power down
behavior.

TP57A05

1mm x 1mm E)T I ouT TO
Er L
§ E Elh
D ourr
X B

1__ Cown

1 EM GND
SOT23-5 I l
M = o ”ﬂl_ =
(U - -
e B = = T
Device Vin lout Vpo lg Package

_ 204mV (max) WCSP (0.35mm pitch)
TPS7A05 1.4V - 5.5V 200mA @Vour=3.3V 1uA QFN-4 (1x1); SOT23-5
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Tl Designs TIDA-00011: Optical Heart Rate Monitor Reference Design with TIDggigns

Connectivity

New and ideal device for headset;: AFE4410

Solution Features Solution Benefits

Measure pulse from veins in wrist using the AFE4400
- MSP430F5528 microcontroller for holding algorithm and

motion cancellation calibration data
«  BLE module connection featuring Tl's CC2541

- BQ24072 USB charger and BQ27425-G1 fuel gauge

devices for battery management

Tools & Resources

- http://www.ti.com/tool/TID

-—

.

A-00011
« Includes

Schematics
Layout
Gerber files
BOM

Accelerate and simplify your wrist based HRM design
while ensuring measurement performance needed for
Fitness designs

Easy connectivity to BLE enabled smartphones, tablets,
etc.

Ultra-low power consumption

Optical Wrist Based HRM

S-axis 4mMb FRAM for
accelerometer data logging
MSP:BC?IESZS ‘ cc2541 ]
BLE Module

Battery Power Management
“TPS736330RB
BO24072 BO27425-G1
[—] el ] [ il Baties J -TPS610030SK

=TRPS7A4901 DGN

Battery
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¥AHE, ETl.com B , RE2E

Charging Port Battery Vol
age
= "]:) Supervisor
Batte

ry
USB Curent 5= Charger

050 Curent - PRSI SRR

IGEE R R A SR
Input Power Non-lsolated DC/DC Power
Protection Energy Storage Supply
Audio RGE LED
ADC Driver
=== Memory Dulpul User Interface
X ) [ S B iRe % Capacitive
7 | [T Tuul:h
Audio
Processor
RERER
Input User Interface LHE Pmcesslng ‘ .

Ardenna & L

Bluetooth Audio Class D xP dirtwillf,

y
[Amphfier “\‘ bEYEEE 50650 53
I
> >
Wireless Interface Audio Output o
BiRRER WHFAREAEIRR R

ti.com.cn/wirelessheadset eZ2echina.ti.com
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