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Single Alkaline Powered  DeviceSingle Alkaline Powered  Device
Block Diagram & SolutionBlock Diagram & Solution



Block Diagram Block Diagram -- Single Alkaline/Flash MP3Single Alkaline/Flash MP3

I/O PowerI/O Power
TPS61070TPS61070 3.3V3.3VAlkAlk x 1x 1

USB 5VUSB 5V

0.9V~1.5V0.9V~1.5V

Core PowerCore Power
TPS61070TPS61070 1.8V1.8V

LDOsLDOs
TPS763/793TPS763/793

LDOsLDOs
TPS763/793TPS763/793

OLED BiasOLED Bias
TPS61045/6xTPS61045/6x

PMOLEDPMOLED
PanelPanel

PMOLED DisplayPMOLED Display



Efficiency & Battery Run TimeEfficiency & Battery Run Time

pp Power LossPower Loss
üü Conduction Loss + Switching LossConduction Loss + Switching Loss

pp Reduce Diode LossReduce Diode Loss
üü Lower VF, Lower VF, SchottkySchottky DiodeDiode
üü Fast RecoveryFast Recovery
üü Sync. SwitchSync. Switch

pp Benefit of SynchronousBenefit of Synchronous
üü Increase efficiencyIncrease efficiency
üü True Shutdown for Boost ConverterTrue Shutdown for Boost Converter pp Example of calculationExample of calculation

üü Loss of Diode = VF Loss of Diode = VF ×× I = 0.4 I = 0.4 ×× 0.1 = 40mW0.1 = 40mW
üü Loss of FET = Loss of FET = RdsRds ×× II22 = 0.03 = 0.03 ×× 0.10.122 = 0.3mW= 0.3mW
üü Advantage when (Advantage when (RdsRds ×× I) < VFI) < VF≅≅0.4V 0.4V 

Sync.
BoostBoost

pp Quiescent CurrentQuiescent Current
üü Usually been ignored in regulator selectionUsually been ignored in regulator selection
üü Depends on different operation conditionDepends on different operation condition
üü Depends on design technique and processDepends on design technique and process

VINVIN

DC/DCDC/DC

GNDGND

IqIq
BATBAT



TPS61070 TPS61070 –– Single Cell, Sync. Boost ConverterSingle Cell, Sync. Boost Converter

PWM Mode OnlyPWM Mode OnlyTPS61071TPS61071

Power Save ModePower Save ModeTPS61070TPS61070

p Synchronous Boost Topology
p Load disconnect during shutdown
p 1.2MHz switching frequency
p TSOT23 package 

p Single Alkaline powered apps. Eg, MP3
p Backup up battery supply

•• 1V start up, down to 0.9V1V start up, down to 0.9V

•• 75mA @ 3.3V 75mA @ 3.3V VoutVout and 0.9V and 0.9V VinVin, , 
600600--mA switch current limitmA switch current limit

•• 1919µµA Quiescent CurrentA Quiescent Current

•• Adjustable, up to 5.5VAdjustable, up to 5.5V



Solution ComparisonSolution Comparison

100µF
100µF

75µA/550µA

0.4V
(Schottky Diode)

1.1Ω

500kHz
No

Boost
SOT23-6

Competition

Reduce Conduction Loss
Loss = I2×R×D vs I×VF×D0.66Ω ± 20%High Side Switch Rds(on)

Reduce Conduction Loss
Loss = I2×R×D0.54Ω ± 20%Low Side Switch Rds (on)

Allow Smaller Inductor1.2MHzSwitching Frequency

Smaller & Cheap10µFOutput Cap

High Eff & save ext DiodeYesTrue Shutdown
Smaller start up inrush currentSync. BoostTopology

Smaller & Cheap

Extend Battery Life

--

TPS61070 Advantage

10µFInput Cap

VBAT/VO
1µA/30µAIq

TSOT23-5Package

TPS61070

TPS61070

Vin
0.9V~6.5V

OUTSW

FB

GND

VBAT

EN

4.7uH

10uF

10uF

Vo=3.3V

LX

FB

GND

VDD

CE

EXT

100uF 100uF

1N58193.3~10uH Vo=3.3V

-- USD$0.1~0.15 external component saveUSD$0.1~0.15 external component save
-- Smaller solution sizeSmaller solution size
-- Higher efficiencyHigher efficiency



Li+ Powered  DeviceLi+ Powered  Device
Block Diagram & SolutionBlock Diagram & Solution



Block Diagram Block Diagram -- Li+ Battery/Flash, HDD MP3Li+ Battery/Flash, HDD MP3

OLED BiasOLED Bias
TPS61045/6xTPS61045/6x

PMOLEDPMOLED
PanelPanel

I/OI/O
TPS62xxxTPS62xxx 3.3V3.3V

Li+Li+

USBUSB

3V~4.2V3V~4.2V

CoreCore
TPS62xxxTPS62xxx 1.8V1.8V

Li+ Charger w/DPPMLi+ Charger w/DPPM
bq2403xbq2403x

LCD BiasLCD Bias
TPS6512xTPS6512x

ADPADP

LCDLCD
PanelPanel

wLEDwLED
TPS61043/6xTPS61043/6x wLEDwLED

HDDHDD
TPS6102x/9xTPS6102x/9x HDD 5VHDD 5VLi+ ChargerLi+ Charger

bq2401x/2xbq2401x/2x

ADPADPUSBUSB

TPS6501xTPS6501x
--ChargerCharger
-- 2 Sync Buck2 Sync Buck
-- 2 LDO2 LDO
-- GPIOx4GPIOx4
-- I2C I/FI2C I/F

TFTTFT--LCD DisplayLCD Display

PMOLED DisplayPMOLED Display

OptionalOptional

5V HDD5V HDD

Power MUXPower MUX
TPS211xTPS211x



Solution ListSolution List

500mA, 3MHz, QFN/CSPTPS6230x

Charger, dual Sync. Buck, dual LDO, GPIO & I2C I/F, 7x7QFN48TPS6501x
Integrated SolutionPMU

Power Path ManagementPower Switch

Sync. Boost, can be series wLED driver or PMOLED driverTPS61060
PMOLED driver, True shutdown, 3x3QFN8TPS61045

400mA, 1.25MHz TSOT23TPS6222x

LCD bias, wLED driver, PMOLED driverDisplay Power
Single inductor, 4ch output for VGH, VGL, Vs and Vlogic, programable sequence, 3x3QFN16TPS6512x
Series wLED driver, internal OVP, 3x3QFN8TPS61043

5V HDD appsSync Boost
1200mA, 1.25MHz, MSOP10TPS6204x
600mA, 1.25MHz, MSOP10TPS6202x

300mA, 1MHz, SOT23TPS6220x
Vcore, 3.3V I/O, 3.3V HDDSync Buck

Adaptor/USB dual input Li+ charger with DPPM, 3.5x4.5QFN20bq2403x

Power Multiplexer, TSSOP8TPS211xA

Adaptor/USB dual input Li+ Charger, 3x3QFN10bq2402x
1A adaptor input Li+ Charger, 3x3QFN10bq2401x

1.2A@(Li→5V), 2.2A Iswitch, Sync Boost topology, 4x4QFN16
500mA@(Li→5V), 1.5A Iswitch, Sync Boost topology, 3x3QFN10

Li+/Li poly charger

Description

TPS61090
TPS61020

Charger

Device



Li+ Powered  DeviceLi+ Powered  Device
Charger & Power Path ManagementCharger & Power Path Management



Power Path Management Power Path Management –– Issue of Charger DesignIssue of Charger Design

ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys

p Removable battery design
p DCDC supply from charger
p Charger behave as a switch or LDO

ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys

p DCDC supply all from battery
p Charger Suspend due to ADP absent

IchgIchg
ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys

p Adaptor supply power to DCDC & Charger
p Higher charger current rating required

ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys
PowerPower
SwitchSwitch

p Battery power via power switch
p Charger suspend

IchgIchg

ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys
PowerPower
SwitchSwitch

p Removable battery design
p Charger suspend
p DCDC input supply from Adaptor

IchgIchg

ChargerCharger

Li+Li+

ADPADP DCDCDCDC

IsysIsys
PowerPower
SwitchSwitch

p Battery to DCDC input path cut off
p Different power path for charge & DCDC supply



Li+ Powered  DeviceLi+ Powered  Device
Key DeviceKey Device



GND
VBUS

D-
D+

GND
VDC

PACK-

PACK+
TMR

System

AC
USB

STAT1
DPPM

/USBPG
/ACPG

LDO
OUT
BAT

TS
ISET1
ISET2
PSEL

STAT2

CE

bqTiny III

bqTinybqTiny III III –– bq24030, Charger w/ DPPMbq24030, Charger w/ DPPM

p Li+ Charger with Dynamic Power 
Path Management (DPPM)

p 3.5x4.5 QFN20 package

•• Charge from AdaptorCharge from Adaptor
•• 4.5V~6.5V Input Range4.5V~6.5V Input Range
•• IchgIchg : 500mA max: 500mA max

•• ISET1 : ISET1 : Adpt/Prechg/TaperAdpt/Prechg/Taper CurrentCurrent
•• ISET2 : USB Chg selectionISET2 : USB Chg selection

•• Aux 3.3V/20mA LDO outputAux 3.3V/20mA LDO output
•• Only AC/USB presentOnly AC/USB present

bqTinybqTiny IIIIII
bq24030bq24030

•• Charge from USBCharge from USB
•• 4.35v~6.5V Input Range4.35v~6.5V Input Range
•• IchgIchg : 100/500mA: 100/500mA

p Smartphone
p MP3/Media player

Li+Li+

USBUSB
ADPADP OUTOUT

AC input regulated above 4.4V4.2Vbq24032

AC input regulated above 6V4.2Vbq24030

4.2V

CHG Reg Voltage

AC input cut off above 6Vbq24035

Device Option

bqTinyIIbqTinyII
bq24020bq24020 Li+Li+

USBUSB

ADPADP



bqTinybqTiny III III –– Dynamic Power Path ManagementDynamic Power Path Management

bqTinybqTiny IIIIII
bq24030bq24030

Li+Li+

USBUSB
ADPADP OUTOUT

bqTinyIIbqTinyII
bq24020bq24020 Li+Li+

USBUSB

ADPADP

GND
VBUS

D-
D+

GND
VDC

PACK-

PACK+

OUT
System

BAT

AC

USB

Q1

Q2Q3

- Charge circuit turned off

- Via Q2
- Charge rate by ISET2 setting

- Via Q2
- Charge rate by ISET1 setting

Charge Control

- Reduce Q2 charge current as VOUT < VDPPM
- VDPPM =IDPPM x RDPPM

- Q3 on, Q1 offUSB
(PSEL=Low)

- Reduce Q2 charge current as VOUT < VDPPM
- VDPPM =IDPPM x RDPPM

- Q1 full ON as AC < Vreg
- Q1 as a LDO as AC > Vreg

AC
(PSEL=High)

- Powered by Battery via Q2
- Q1 & Q3 off (SLEEP Mode)

VOUT

- DisableBattery
(/xPG=Off)

Scenario DPPM



TPS65010 TPS65010 -- OverviewOverview

ChargerCharger
bqTinyIIbqTinyII corecore

ACAC
USBUSB

VBATVBAT

SyncSync
BuckBuck

SyncSync
BuckBuck

VCOREVCORE

LDO1LDO1 VLDO1VLDO1

LDO2LDO2 VLDO2VLDO2

GPIOGPIO

OD O/POD O/P

SystemSystem
& Power& Power

MgmtMgmt

/PG/PG

VIBVIB
LED2LED2

GPIO[0..3]GPIO[0..3]

/RESPWRON/RESPWRON

PS_SEQPS_SEQ
LOW_PWRLOW_PWR
PB_ONOFFPB_ONOFF

BATT_COVERBATT_COVER
/HOT_RESET/HOT_RESET

/MPU_RESET/MPU_RESET
/INT/INT

/PWRFAIL/PWRFAIL

DEFCOREDEFCORE

VINCOREVINCORE

VMAINVMAIN
DEFMAINDEFMAIN

VINMAINVINMAIN

VIN1VIN1

VIN2VIN2

I2CI2C
I/FI/F

ISETISET
TSTS

I2C BusI2C Bus
IFLSBIFLSB

•• 1.25MHz PWM/PFM1.25MHz PWM/PFM
•• 400mA Output400mA Output
•• 1.5/1.6V (I2C 1.5/1.6V (I2C progprog))

•• 1.25MHz PWM/PFM1.25MHz PWM/PFM
•• 1A Output1A Output
•• 3.0V/3.3V, (I2C 3.0V/3.3V, (I2C progprog))

•• 1.8V~6.5V Input1.8V~6.5V Input
•• 200mA Output200mA Output
•• Min 0.9V output (I2C Min 0.9V output (I2C progprog))

•• 1.8V~6.5V Input1.8V~6.5V Input
•• 200mA Output200mA Output
•• 1.8V~3.0V output (I2C 1.8V~3.0V output (I2C progprog))

•• Charger Monitor, Converter Charger Monitor, Converter 
control & power managementcontrol & power management

•• Up to 400kHz speedUp to 400kHz speed
•• 0x100100+LSb address0x100100+LSb address

•• Dual Input auto selection linear chargerDual Input auto selection linear charger
•• USB : 100mA, I2C USB : 100mA, I2C progprog up to 500mAup to 500mA
•• AC : Program w/ ISET, up to 1AAC : Program w/ ISET, up to 1A
•• 20V rating on VAC pin (Charging stop as over 6.6V)20V rating on VAC pin (Charging stop as over 6.6V)
•• /PG : Charger source indication or GPO/PG : Charger source indication or GPO
•• Interrupt for charging terminationInterrupt for charging termination

•• Open Drain Vibrator outputOpen Drain Vibrator output
•• 0.5V dropout @ 100mA0.5V dropout @ 100mA
•• I2C I2C ProgProg..

•• 4 Bi4 Bi--direction Portsdirection Ports
•• Open Drain LED outputOpen Drain LED output
•• I2C I2C ProgProg..

GeneralGeneral
•• Power & Battery Management IC for Li+ Battery Power & Battery Management IC for Li+ Battery 

Powered SystemPowered System
•• Perfect for OMAP1510Perfect for OMAP1510
•• 2 Sync. Buck + 2 LDO + Charger2 Sync. Buck + 2 LDO + Charger
•• 7070µµA quiescent currentA quiescent current
•• Thermal protectionThermal protection
•• Package : 7x7mmPackage : 7x7mm22 QFN48QFN48

DSDS

•• Open Drain LED outputOpen Drain LED output
•• On, Off, BlinkingOn, Off, Blinking
•• I2C I2C ProgProg..

Software User GuideSoftware User Guide



TPS6501x Family ComparisonTPS6501x Family Comparison

YesNONONOSCLK, SDAT and low_pwr pin 1.8V compliant
YesYesNONOAuto turn on if USB or AC voltage is applied

VmainVmainLDO1LDO1RESPWRON source

1.8/2.5V/3.0/3.3 1.8/2.5/3.0/3.31.8/2.5/2.75/3.01.8/2.5/2.75/3.0LDO2 output voltage (V)
Default at Startup are all 1.8V

< 60ms (23ms typ)< 60ms (23ms typ)375375Charger Power up time (ms)

100ms or 1s
by pin 27 (TPOR)

100ms or 1s 
by pin 27 (TPOR)1s1sdefault delay time for RESPWRON 

400400175175Typical UVLO hysteresis (mV)
2.752.753.253.25UVLO default voltage (V)
1.051.11.11.1Default Core voltage  in low power mode (V)

1.8/2.75/3.0/3.32.5/2.75/3.0/3.32.5/2.75/3.0/3.32.5/2.75/3.0/3.3Available Vmain voltages (V)

3.3/1.83.3/3.03.3/3.03.3/3.0Default Vmain voltage, Vmain (V)
DEFMAIN=1/0

1.6/1.31.8/1.51.6/1.51.6/1.5Default core voltage, Vcore (V)
DEFCORE=1/0

YESYESNONOWait state at device power-up, implement Push-
Button power-on function

YESYESYESNOWait state (software programmable power down of 
Vmain and Vcore)

TPS65013 TPS65011 TPS65012 TPS65010

Changes compared to TPS65010 are shown in red
TPS65010: original device for OMAP1510 / 1610
TPS65012: WAIT mode 
TPS65011: WAIT mode at power up mainly needed for smartphones.
TPS65013: the device is intended to be used with OMAP1710. Vcore =1.3V (1.05V in low power mode), Vmain =1.8V TPS6501x ComparisonTPS6501x Comparison



AutoAuto--Switching Power MUX Switching Power MUX -- TPS211x/A TPS211x/A 

TSSOP-8120mΩ/120mΩ312~750 mATPS2114A

TSSOP-884mΩ/84 mΩ625~1250 mATPS2113A

TSSOP-884mΩ/84mΩ625~1250 mATPS2111A

TSSOP-8120mΩ/120mΩ312~750 mATPS2110A

625~1250 mA

312~750 mA

IIN1,2

84mΩ/84 mΩ

120mΩ/120mΩ

RDS,ON1/2

TSSOP-8TPS2115A

TSSOP-8TPS2112A

PackageDevice

p Features
ü Input Voltage 2.7V to 5.5V
ü Low Supply Current 55 μA
ü Adjustable Current Limit
ü Manual and Auto-switching Modes
ü Thermal Shutdown
ü CMOS and TTL Compatible Logic
ü Controlled Transition Times to Limit Inrush 

Current, Minimize Output Voltage Holding 
Cap

ü Small/Thin TSSOP-8 Package

AvailableAvailable

DSDS

IN1IN1

LogicLogic

IN2IN2

D0D0
D1D1

ILIMILIM
STATSTAT

OUTOUT

p Auto Switching Mode (D0=1, D1=0)
ü OUT = Max (IN1, IN2)

p Manual Switching Mode (D0=0, D1=x)
ü D1=1, OUT=IN1
ü D1=0, OUT=IN2

p Off Mode (D0=1, D1=1)



Li+ Powered  DeviceLi+ Powered  Device
Solution ComparisonSolution Comparison



Solution Comparison Solution Comparison –– LT3455, RT9901/2LT3455, RT9901/2

1100µA
No
No

Controller
Yes
No
?
?

87%
?
--
--

No
5x5 QFN32

RT9901/02

NoNoBoost Converter
High efficiency at lightloadYesYesPowerSave Mode

97%96%3.3V Eff (%) @3.6Vin

Highest efficiency91%92%1.8V Eff (%) @3.6Vin

Can use cheap adaptor6V20VVin(max)
Fast Charging rate500mA1ACharging rate

500µA
No
No
No

600mA

400mA

Yes
4x4 QFN24

LT3455

x4GPIO
200mA x2LDOs

1000mASync Buck 2 (I/O)

400mASync Buck 1 (Core)

YesCharger

Extend battery life70µAIq
YesI2C I/F

7x7 QFN48Package

TPS6501x



Solution Comparison for Power Path managementSolution Comparison for Power Path management

Qm or Qn

21mW/84mW

Qy (0.084Ω)

221mW

Dz (0.4V)+
Qx(0.084Ω)

21mW/84mW

Qx (0.084Ω)

TPS6501x
+ TPS2115A

Device

Loss @0.5A/1A

Device

Loss @0.5A

Device

Loss @0.5A/1A

Device

Device/Loss

20%/56% power consumption only37.5mW/150mW7.5mW/30mW

QC (0.15Ω)Q2 (0.03Ω)
BAT to OUT

Less power consumption200mW/400mW75mW/300mW

Internal FET, Save cost & SpaceD1 (0.4V)Q1 (0.3Ω)
AC to OUT

QB

125mW

QA (0.5Ω)

LT3455

Less power consumption87.5mW

Q3 (0.35Ω)
USB to OUT

Q2

bq2403x

Charging

Scenario Bq2403x Benefits

•• Key for Battery Operation timeKey for Battery Operation time

OUT

BAT

AC

USB

Q1

Q2Q3

0.3Ω

0.35Ω

bq2403x Power Path

0.03Ω

OUT

BAT

AC

USB

0.5Ω

LT3455 Power Path

0.15ΩD1, 0.4V

QA QB

QC

BAT

AC

USB

Qx

Qy

0.084Ω

0.084Ω

TPS6501x + TPS2115A Power Path

Qm

Qn OUT

Dz

TPS6501x TPS2115A



Li+ Powered  DeviceLi+ Powered  Device
Display & Display & wLEDwLED driverdriver

LinkLink



New PMP Selection Guide New PMP Selection Guide -- 2004Q42004Q4

http://wwwhttp://www--s.ti.com/sc/techlit/slvt145.pdfs.ti.com/sc/techlit/slvt145.pdf
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