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Single Chip Power Solution for Battery Powered Systems

Check for Samples: TPS65070, TPS65072, TPS65073, TPS650731, TPS650732

FEATURES
e Charger/Power Path Management:

2A Output Current on the Power Path

Linear Charger; 1.5A Maximum Charge
Current

100mA/500mA/ 800mA/1300mA Current
Limit From USB Input

Thermal Regulation, Safety Timers
Temperature Sense Input

e 3 Step-Down Converters:

2.25MHz Fixed Frequency Operation

Up to 1.5A of Output Current
Adjustable or Fixed Output Voltage

V\ny Range From 2.8V to 6.3V

Power Save Mode at Light Load Current

Output Voltage Accuracy in PWM Mode
+1.5%

Typical 19 pA Quiescent per Converter
100% Duty Cycle for Lowest Dropout

* LDOs:

Fixed Output Voltage

Dynamic Voltage Scaling on LDO2
20pA Quiescent Current

200mA Maximum Output Current
Viny Range From 1.8V to 6.3V

e WLED Boost Converter:

Internal Dimming Using 12C
Up to 2 x 10 LEDs

Up to 25mA per String With Internal Current

Sink

« I°C Interface
» 10 Bit A/D Converter

A

 Touch Screen Interface

e Undervoltage Lockout and Battery Fault
Comparator

APPLICATIONS

» Portable Navigation Systems
* PDAs, Pocket PCs
* OMAP™ and Low Power DSP Supply

DESCRIPTION

The TPS6507x are single chip Power Management
ICs for portable applications consisting of a battery
charger with power path management for a single
Li-lon or Li-Polymer cell. The charger can either be
supplied by a USB port on pin USB or by a dc voltage
from a wall adapter connected to pin AC. Three
highly efficient 2.25MHz step-down converters are
targeted at providing the core voltage, memory and
I/O voltage in a processor based system. The
step-down converters enter a low power mode at light
load for maximum efficiency across the widest
possible range of load currents. For low noise
applications the devices can be forced into fixed
frequency PWM using the I?C interface. The
step-down converters allow the use of small inductors
and capacitors to achieve a small solution size. The
TPS6507x also integrate two general purpose LDOs
for an output current of 200mA. These LDOs can be
used to power an SD-card interface and an
always-on rail, but can be used for other purposes as
well. Each LDO operates with an input voltage range
between 1.8V and 6.3V allowing them to be supplied
from one of the step-down converters or directly from
the main battery. An inductive boost converter with
two programmable current sinks power two strings of
white LEDs.

The TPS6507x come in a 48-pin leadless package
(6mm x 6mm QFN) with a 0,4mm pitch.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

OMAP, PowerPAD are trademarks of Texas Instruments.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION

vooLLTJ/T\ZLéTAT OUTPUT VOLTAGE AT | OUTPUT VOLTAGE OUTPUT CURRENT AT __PGOOD, TOUCH SCREEN PART NUMBER®
DeDC3 DCDC1 DCDC2 AT LDO1/LDO2 DCDC1/DCDC2 / DCDC3 RESET DELAY CONTROLLER

( é-h‘/l’x F’) _t-f;;) 1.83-?\;.3V 18V/12v 0.6A/15A/15A 400ms Yes TPSE5070RSL

P L2V 18y LavI1av il sequencig sooms ves TPSesOTaIRSL

(1) The RSL package is available in tape and reel. Add R suffix (TPS65070RSLR) to order quantities of 2500 parts per reel. Add T suffix
(TPS65070RSLT) to order quantities of 250 parts per reel.

ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)

VALUE / UNIT

Voltage range on all pins except the pins listed below with respect to AGND

-0.3to 7V

Voltage range on pins INT, RESET, PGOOD, PB_OUT with respect to AGND

-0.3 to V(AVDDS)

Voltage range on pins VINDCDC1/2, VINDCDC3, VINLDO respect to AGND

~0.3to V(SYS)

Voltage range on pins AD_IN1, AD_IN2, AD_IN3, AD_IN4 with respect to AGND -0.3t03.3V
Voltage range on pins ISINK1, ISINK2, AC, USB -0.3to 20V
Voltage range on pin L4 (output voltage of boost converter), FB_wLED -0.3t0 40V
Current at SYS, AC, USB, BAT, L3 3000 mA
Current at all other pins 1000 mA

Continuous total power dissipation

See Dissipation Rating Table

Operating free-air temperature, Tp

40°C to 85°C

Maximum junction temperature, T, 125°C
Storage temperature, Tg; —65°CC to 150°C
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds 260°C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

DISSIPATION RATINGS®

PACKAGE R Ta S25°C DERATING FACTOR Ta=70°C Ta =85°C
8JA POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
RSL 37 KIW 26 W 26 mW/K 148 W 0w
(1) The thermal resistance R8;_p junction to PowerPAD of the RSL package is 1.1 K/W. The value for R6;., was measured on a high K
board.
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RECOMMENDED OPERATING CONDITIONS

| MIN_ NOM MAX| UNIT

BATTERY CHARGER AND POWER PATH
VN Input voltage for power path manager at pins AC or USB 4.30 17 \%

Input voltage for power path manager at pins AC or USB, charger and power path 4.30 5.8

active (no overvoltage lockout)

Input voltage for power path manager at pins AC or USB in case there is no battery 3.6 17

connected at pin BAT
N Input current at AC pin 25 A

Input current at USB pin 1.3
IgaT Current at BAT pin 2 A
DCDC CONVERTERS AND LDOS
V\NDeDe Input voltage range for step-down converter DCDC1, DCDC2, DCDC3 2.8 6.3 \%
Vpepe1 Output voltage range for VDCDCL1 step-down converter 0.6 VINDCDC1 \%
Vpepe2 Output voltage range for VDCDC2, DCDC3 step-down converter 0.6 VINDCDC2 \%
VINLDOX Input voltage range for LDO1 and LDO2 1.8 630 | v
Vipo1 Output voltage range for LDO1 0.9 3.3 \%
Vipo2 Output voltage range for LDO2 0.8 3.3 \%
loutpepel Output current at L1 600 mA
L1 Inductor at L1 @ 15 2.2 uH
Cinbcpciz  Input Capacitor at VINDCDC1 and VINDCDC2® 22 uF
Coutbcpbe:r  Output Capacitor at VDCDC1® 10 22 uF
loutpepe2 Output current at L2 1500 mA
L2 Inductor at L2?@ 15 2.2 uH
Coutbcbcz  Output Capacitor at VDCDC2 @ 10 22 uF
loutpepes Output current at L3 1500 mA
L3 Inductor at L3@ 15 2.2 uH
Cinpcpes  Input Capacitor at VINDCDC3® 10 uF
Coutbcbes  Output Capacitor at VDCDC3®@ 10 22 uF
L4 Inductor at L4 @ 22 uH
CoutwrLep  Output Capacitor at WLED boost converter 4.7 uF
CinLDO1/2 Input Capacitor at VINLDO1/2 2.2 uF
CouTLDO1 Output Capacitor at VLDO1 2.2 uF
loutLDO1 Output Current at VLDO1 100 mA
CouTLDO?2 Output Capacitor at VLDO2 2.2 uF
loutLDO?2 Output Current at VLDO2 100 mA
Cac Input Capacitor at AC 1 uF
Cuss Input Capacitor at USB 1 uF
CgaT Capacitor at BAT pin 10 uF
Csys Capacitor at SYS pin 22 100 ®@| pF
CgvypPass Capacitor at BYPASS pin 10 uF
CiNT_LDO Capacitor at INT_LDO pin 2.2 uF
CavDDs Capacitor at AVDDG6 pin 4.7 uF
Ta Operating ambient temperature -40 85 °C
T; Operating junction temperature -40 125 °C

(1) 6.3V orVSYS whichever is less
(2) See application section for more details
(3) For proper soft-start
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ELECTRICAL CHARACTERISTICS

VSYS = 3.6V, EN_DCDCx = VSYS, L = 2.2uH, Cqyr = 10uF, T, = —40°C to 85°C typical values are at T, = 25°C (unless

otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
SUPPLY CURRENT
Vinoepe  Input voltage range for DCDC converters 2.8 6.3 \%
Only DCDC2, DCDC3 and LDO1 enabled, device in 140
ON-mode; DCDC converters in PFM
Per DC/DC converter, PFM mode 19 30
I Operating quiescent current Per DC/DC converter, PWM mode 25 HA
Q Total current into VSYS, VINDCDCX, VINLDO1/2 -
For LDO1 or LDO2 (either one enabled) 20 35
For LDO1 and LDO2 (both enabled) 34
For wLED converter 1.5 mA
All converters, LDOs, wLED driver and ADC disabled, no
Isp Shutdown current input voltage at AC and USB; 8 12 HA
SYS voltage turned off
. —-2% 2.8 2%
Voltage at the output of the power manager detected at pin 3.0
VuvLo Undervoltage lockout threshold SYS; falling voltage, voltage defined with <UVLO0>, 3'1 \%
<UVLO1> DEFAULT: 3.0V '
3.25
) Rising voltage defined with <UVLO hysteresis>; DEFAULT: 360
Undervoltage lockout hysteresis 500mV 450 mV
Undervoltage lockout deglitch time Due to internal delay 4 ms
Thermal shutdown for DCDC converters, WLED - . o
Tsp driver and LDOs Increasing junction temperature 150 C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C
EN_DCDC1, EN_DCDC2, EN_DCDC3, DEFDCDC2, DEFDCDC3, SDAT, SCLK, EN_wLED (optional)
High Level Input Voltage, EN_DCDC1,
Viu EN_DCDC2, EN_DCDC3, DEFDCDC2, 1.2 Vsys \%
DEFDCDC3, SDAT, SCLK, EN_wWLED
Low Level Input Voltage, EN_DCDC1,
Vi EN_DCDC2, EN_DCDC3, DEFDCDC2, 0 0.4 \%
DEFDCDC3, SDAT, SCLK, EN_wLED
Input bias current, EN_DCDC1, EN_DCDC2,
In EN_DCDC3, DEFDCDC2, DEFDCDC3, SDAT, 0.01 1.0 PA
SCLK
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DCDC1 CONVERTER

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vyinpepe:  Input voltage range Connected to SYS pin 2.8 6.3 \%
lo Maximum output 600 mA
o ) VINDCDC1 = 2.8 V 150 300
Rps(on) High side MOSFET on-resistance mQ
VINDCDC1 =35V 120 200
ILn High side MOSFET leakage current VINDCDC1 =6.3V 2 HA
. . VINDCDC1 = 2.8V 200 300
Rpson) Low side MOSFET on-resistance mQ
VINDCDC1 =35V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 HA
Lo . for TPS65072, TPS65073, TPS650731,
ILvE Forward current limit (high and low side MOSFET) TPS650732 0.8 11 15 A
ILivE Forward current limit (high and low side MOSFET) for TPS65070 11 1.6 2.2 A
fs Oscillator frequency 1.95 2.25 2.55 MHz
Fixed output voltage range Internal resistor divider, I1°C selectable 0.725 3.3 \%
For TPS65070, TPS65072 3.3
Default output voltage \4
For TPS65073, TPS650731, TPS650732 1.8
Vout
. ) VINDCDC1 = VDCDC1 +0.3 V 10 6.3 V; oo 0
DC output voltage accuracy; PFM mode OmASIy<0.6A 2% 3%
. ) VINDCDC1 = VDCDC1 +0.3 V 10 6.3 V; e 0
DC output voltage accuracy; PWM mode OmASIo<0.6A 1.5% 1.5%
AVour Power save mode ripple voltage® lour = 1 mA, PFM mode 40 mVpp
tstart Start-up time Time from active EN to Start switching 170 us
tRamp Vout ramp up time Time to ramp from 5% to 95% of Vour 250 us
. Vo -
power good threshold rising voltage 5%
power good threshold falling voltage Vo -
10%
Rpis Internal discharge resistor at L1 -35% 250 35% Q

(1) Output voltage specification does not include tolerance of external voltage programming resistors. Output voltage in PFM mode is

scaled to +1% of nominal value.
(2) Configuration L= 2.2 yH, Coyt = 10 pF

DCDC2 CONVERTER

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vvinoeoe Input voltage range Connected to SYS pin 2.8 6.3 \%
. TPS65072/73/731/732 i 600
lo Maximum output current Vin>28V mA
TPS65070 1500
o ) VINDCDC2 = 2.8V 150 300
Rpsony  High side MOSFET on-resistance mQ
VINDCDC2 =35V 120 200
ILn High side MOSFET leakage current VINDCDC2 = 6.3V 2 MA
. . VINDCDC2 = 2.8V 200 300
Rpson) Low side MOSFET on-resistance mQ
VINDCDC2 =35V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 pA
imit (hiah- _Sj TPS65072/73/731/732
e Forward current limit (high- and low-side 2.8V < Vinpepcz < 6.3 V 08 1.1 15 A
MOSFET) TPS65070 21 24 35
fs Oscillator frequency 195 225 255| MHz
Vout Adjustable output voltage range External resistor divider 0.6 Vin \%
Viet Reference voltage 600 mV
) Internal resistor divider, 1°C
Vout Fixed output voltage range selectable (Default setting) 0.725 3.3 \%
Copyright © 2009, Texas Instruments Incorporated Submit Documentation Feedback 5
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DCDC2 CONVERTER (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
For DEFDCDC2 = LOW 1.8
Default output voltage for TPS65070, TPS650732
For DEFDCDC2 = HIGH 3.3
For DEFDCDC2 = LOW 1.8
Vout Default output voltage for TPS65072 \%
For DEFDCDC2 = HIGH 25
For DEFDCDC2 = LOW 1.2
Default output voltage for TPS65073, TPS650731
For DEFDCDC2 = HIGH 1.8
DC output voltage accuracy; PFM mode 2% 3%
VINDCDC2 =2.8V t0 6.3V,
DC output voltage accuracy; PWM mode @ OmA<ilp=<15A _165 1.5%
Vout %
DC output voltage accuracy with resistor divider at DEFDCDC2; PFM VINDCDC2 = VDCDC2 +0.3 V (min —2% 3%
DC output voltage accuracy with resistor divider at DEFDCDC2; PWM 28V)106.3V;0mA<Io<1.5A 1% 1%
AVour Power save mode ripple voltage lout = 1 mA, PFM mode® 40 mVip
. Time from active EN to Start
tstart Start-up time switching 170 us
i 0, 0,
tramp Vour ramp up time y:ﬁ to ramp from 5% to 95% of 250 us
ower good threshold rising voltage Vo -
p 9 9 g 5%
power good threshold falling voltage Vo -
10%
Rpis Internal discharge resistor at L2 -35% 250 35% Q

(1) Output voltage specification does not include tolerance of external voltage programming resistors. Output voltage in PFM mode is

scaled to +1% of nominal value.
(2) Configuration L= 2.2 yH, Coyt = 10 pF

DCDC3 CONVERTER

Product Folder Link(s): TPS65070 TPS65072 TPS65073 TPS650731, TPS650732

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
;/V'NDCDC Input voltage range Connected to SYS pin 2.8 6.3 \%
TPS65072 600
lo Maximum output current TPS65070, TPS65073, TPS650731 Vin>28V mA
TPS650732 ' ' 1500
Rpsony  High side MOSFET on-resistance VINDCDC3 =28V 150 300 mQ
VINDCDC3 =35V 120 200
In High side MOSFET leakage current VINDCDC3 =6.3V 2 pA
Rps(on) Low side MOSFET on-resistance VINDCDC3 =28V 200 300 mQ
VINDCDC3 =35V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 MA
e I'i)?/vn,;?drg l(\:/lugggifl'il'r;m tighand L1752 7 2.8 V < Vinpepes < 6.3V 08 2 ® A
TPS65070/73/731/732 2.1 2.4 3.5
fs Oscillator frequency 195 225 255| MHz
Vout Adjustable output voltage range External resistor divider 0.6 Vin \%
Viet Reference voltage 600 mvV
6 Submit Documentation Feedback Copyright © 2009, Texas Instruments Incorporated
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DCDC3 CONVERTER (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
" Internal resistor divider, 1°C
Fixed output voltage range selectable (Default setting) 0.725 3.3 \%
For DEFDCDC3 = LOW 1.0
Default output voltage for TPS65070
For DEFDCDC3 = HIGH 12
For DEFDCDC3 = LOW 1.2
Vout Default output voltage for TPS65072 \%
ou For DEFDCDC3 = HIGH 1.4
For DEFDCDC3 = LOW 1.2
Default output voltage for TPS65073, TPS650731, TPS650732
For DEFDCDC3 = HIGH 1.35
DC output voltage accuracy; PFM mode @ VINDCDC3 = 2.8 V 10 6.3 V: 2% 3%
DC output voltage accuracy; PWM mode @ OmA<ip=15A -1.5% 1.5%
Vout DC output voltage accuracy with resistor divider at DEFDCDC3; PFM VINDCDC3 = VDCDC3 +0.3 V (min —2% 3%
Vout DC output voltage accuracy with resistor divider at DEFDCDC3; PWM 28V)106.3V;0mA<Io<1.5A -1% 1%
AVour Power save mode ripple voltage lour = 1 mA, PFM mode® 40 mVpp
. Time from active EN to Start
tstart Start-up time switching 170 us
i 0, 0,
tRamp Vour ramp up time \T/lme to ramp from 5% to 95% of 250 us
out
ower good threshold rising voltage Vo -
p g 9 9 50
. Vo -
power good threshold falling voltage 10%
Rpis Internal discharge resistor at L3 -35% 250 35% Q

(1) Output voltage specification does not include tolerance of external voltage programming resistors. Output voltage in PFM mode is
scaled to +1% of nominal value.
(2) Configuration L= 2.2 yH, Coyt = 10 uF
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VLDO1 and VLDO2 LOW DROPOUT REGULATORS

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vinoo  Input voltage range for LDO1, LDO2 1.8 6.3W \%
Vipo1 LDO1 output voltage range 1.0 3.3 \%
Vipoz LDO2 output voltage range Voltage options available see register description 0.725 3.3 \%
lo Output current for LDO1 200 mA
For TPS65070 1.8
Vipo1  LDOZ1 default output voltage For TPS65072 1.2 \%
For TPS65073, TPS650731, TPS650732 1.8
For TPS65070 1.2
Vipoz LDO2 default output voltage For TPS65072 1.2 \%
For TPS65073, TPS650731, TPS650732 1.8
10 Output current for LDO2 200 mA
Isc LDO1 short circuit current limit Vipo1 = GND 400 mA
Isc LDO2 short circuit current limit Vipo2 = GND 400 mA
Minimum voltage drop at LDO1 lo =100 mA, Vinpo = 3.3V 150 mV
Minimum voltage drop at LDO2 lo =100 mA, Vinpo = 3.3V 150 mV
Output voltage accuracy for LDO1, LDO2 {h?gl\,zultofgéﬁ,mz =100 mA; -1% 1.5%
Line regulation for LDO1, LDO2 I\ﬁBlgilﬁ ]:.O\é%?&zltljogzvz(%grﬁf V) t0 6.5V, 1% 1%
Load regulation for LDO1, LDO2 lo =1 mA to 200 mA -1% 1%
Load regulation for LDO1, LDO2 lo<1mA;Vo<1lV —2.5% 2.5%
Rpis Internal discharge resistor at VLDO1, VLDO2 400 Q
tramp Vout ramp up time Time to ramp from 5% to 95% of Vour 250 us

(1) 6.3V orVSYS whichever is less
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wWLED BOOST CONVERTER

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vi voltage at L4 pin 2.8 39 \%
Vsink1,2 Input voltage at ISINK1, ISINK2 pins 16 \%
Vout Internal overvoltage protection 35 37 39 \%
Maximum boost factor (Vout/Vin) Isinkl = Isink2 = 20 mA, Vin =2.8V 9 10
Trnin_off Minimum off pulse width 70 ns
Rps(on) N-channel MOSFET on-resistance Vi4=36V 0.6 Q
N-channel MOSFET current limit 0.8 1.6 2.0 A
ILN_NFET N-channel leakage current Vps =25V, Ty =25°C uA
Switching frequency 1.125 MHz
x::t; mg;rgtjggjgﬁgﬁ drop at Isink pin to GND for 400 mv
ViseT ISET pin voltage 1.24 \%
Kiset Current multiple lout/Iset Iset current = 15 bA 1000
Iset current = 25 pA 1000
s, Mini‘mum current iTno ISINK1, ISINK2 pi‘ns Ff)r proper dimming (string can be disabled also) 4 mA
Maximum current into ISINK1, ISINK2 pins Vin=3.3V 25 mA
DC current set accuracy Isinkx = 5 mA to 25 mA; no PWM dimming +5%
Current difference between Isink1 and isink2 (I?i;ertnli:gSOk; Isink1 = 25 MA, Vin = 3.6 V. no PWM +5%
Current difference between Isinkl and Isink2 Eiﬁi:gzsok Isinkl =5 mA, Vin = 3.6 V; no PWM +5%
PWM dimming Bit = 00 -15% 100 15%
PWM dimming Bit = 01 (default) -15% 200 15%
fowm PWM dimming frequency
PWM dimming Bit = 10 -15% 500 15% Hz
PWM dimming Bit = 11 -15% 1000 15%
Rise / fall time of PWM signal For all PWM frequencies 2 us
Dimming PWM DAC resolution 1%
Reset, PB_IN, PB_OUT, PGood, Power_on, INT, EN_EXTLDO, EN_wLED
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
- Input voltage at threshold pin rising; time -15% 1(2)8 15%
Reset delay time and PGOOD delay time defined with <PGOOD DELAY0>, <PGOOD 200 ms
DELAY1> 200
PB-IN debounce time -15% 50 15% ms
PB_IN “Reset-detect- time” Internal timer -15% 15 15% s
PGOOD low time when PB_IN = Low for >15s -15% 0.5 15% ms
Viy High level input voltage on pin POWER_ON 1.2 Vin \
ViH High level input voltage on pin PB_IN 1.8 AVDD6 \%
Vi Low Level Input Voltage, PB_IN, Power_on 0 0.4 \%
Internal pull-up resistor from PB_IN to AVDD6 50 kQ
Output current at AVDD6 1 mA
Iin Input bias current at Power_on 0.01 1.0 uA
VoL Eﬁs_eEt,x?IEBE))UT, PGood, INT output low voltage, loL = 1 MA, Vthreshold < 1V 03 v
VOH EN_EXTLDO HIGH level output voltage lon = 0.1 mA; optional push pull output VSYS \%
loL Reset, PB_OUT, PGood, INT sink current 1 mA
Reset, PB_OUT, PGood,INT output leakage current Euet;itt’ iEaT;Ui:;]’nggr?gé Isl\tl;:pen drain 0.25 uA
Vin Threshold voltage at THRESHOLD pin Input voltage falling —4% 1 4% \%
Vin_hyst Hysteresis on THRESHOLD pin Input voltage rising 7 mV
lin Input bias current at EN_wLED, THRESHOLD 1 HA
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ADC CONVERTER

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
l(ZEEExZ:tggtz z:ah?nizlt QD—IN]' to AD_IN4 pin For full scale measurement 0 2.25
Vin Input voltage range internal channel 6 to channel 9 For full scale measurement 0 6 \%
Input vo_ltage range on channel4 (TS pin) and channel5 Unipolar measurement of charge current at pin 0 295
(ISET pin) ISET (voltage at ISET)
lin AD_IN1 to AD_IN4 input current 0.1 4 uA
Cin Input capacitance at AD_IN1 to AD_IN4 15 pF
ADC resolution 10 Bits
Differential linearity error +1 LSB
Offset error 1 5 LSB
Gain error +8 LSB
Sampling time 220
Conversion time 19
Wait time after enable Time needed to stabilize the internal voltages 15 ms
Quiescent current, ADC enabled by I>’C includes current needed for 12C block 500 HA
Quiescent current, conversion ongoing 1 mA
Reference voltage output on pin BYPASS -1% 2.260 1% \%
Output current on reference output pin BYPASS 0.1 mA
TOUCH SCREEN INTERFACE
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V1sREE Voltage at internal voltage regulator for TSC 2.30 \
TOUCHSCREEN PANEL SPECIFICATIONS
Plate resistance X Specified by design 200 400 1200 Q
Plate resistance Y Specified by design 200 400 1200 Q
Resistance between plates contact 180 400 1000 Q
Resistance between plates pressure 180 400 1000 Q
Settling time Position measurement; 400 Q, 100 pF 5.5 us
Capacitance between plates 2 10 nF
Total capacitance at pins TSX1,TSX2,TSY1,TSY2 to GND 100 pF
internal TSC reference resistance 20.9 22 23.1 kQ
SWITCH MATRIX SPECIFICATIONS
Tgate resistance Specified by design 111 160 230 Q
PMOS resistance Specified by design 20 Q
NMOS resistance Specified by design 20 Q
Quiescent supply current ianISC standby mode with TSC_M[2..0] = 10 uA
POWER PATH
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
QUIESCENT CURRENT
lospp1 Quiescent current, AC or USB mode ﬁgrlrozrg i;tt%\'?‘sc or USB, AC or USB selected, 20 HA
INPUT SUPPLY
Veatiin g"{;’;‘rr;‘t‘l‘gr‘] battery voltage for BAT SWITCH No input power, BAT_SWITCH on 2.75 v

AC detected when V(AC)-V(BAT) > VIN(DT) ;
VINpm Input voltage detection threshold USB detected when 150 mV
V(USB)-V(BAT) > VIN(DT)

AC not detected when V(AC)-V(BAT) <
VINnpT) Input Voltage removal threshold VIN(NDT) ; USB not detected when 75 mvV
V(USB)-V(BAT) < VIN(NDT)

Activated based on settings in CHGCONFIG3
Bit 0 and Bit 7

Ipisch Internal discharge current at AC and USB input 95 HA
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POWER PATH (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
TocL(oT) Power detected deglitch AC or USB voltage increasing 22.5 ms
VINovp) Input over voltage detection threshold 5.8 6 6.3 \Y
POWER PATH TIMING
Tsw(acsam) Switching from AC to BAT No USB, AC power removed 200 us
Sw(usBBAT) T Switching from USB to BAT No AC, USB power removed 200 us
Tsw(pseL) Switching from USB to AC 12C 150 us
Tswiacuss) Switching from AC/ USB, USB / AC AC power removed or USB power removed 200 us
Measured from power applied to start of
Tsysok SYS power up delay power-up sequence 11 ms
POWER PATH INTEGRATED MOSFETS CHARACTERISTICS
AC Input switch dropout voltage (ILIMITpc set =25 AI(SYS) =1 A) 150 mV
) ) ILIMITysg = 1300 mA I(SYS) = 500 mA 100
USB input switch dropout voltage ILIMITyes = 1300 mA I(SYS) = 800 mA 160 mV
Battery switch dropout voltage V(BAT)=3.0V,I(BAT)=1A 85 100 mV
Input Current Limit
luse100 Input current limit; USB pin USB input current [0,0] 90 100 mA
luseso0o Input current limit; USB pin USB input current [0,1] (default) 450 500 mA
lusesoo Input current limit; USB pin USB input current [1,0] 700 800 mA
luse1300 Input current limit; USB pin USB input current [1,1] 1000 1300 mA
lac100 Input current limit; AC pin AC input current [0,0] 90 100 mA
Iacso00 Input current limit; AC pin AC input current [0,1] 450 500 mA
Ia1300 Input current limit; AC pin AC input current [1,0] 1000 1300 mA
Iac2500 Input current limit; AC pin AC input current [1,1] (default) 2000 2500 mA
POWER PATH SUPPLEMENT DETECTION PROTECTION AND RECOVERY FUNCTIONS
Vasup1 Enter battery supplement mode AC input current set to 10: 1.3A Vour < VEA;]\_/
Vasup2 Exit battery supplement mode Vour 2 VEAT o
mV
Vsvs(sci) Sys short-circuit detection threshold, power-on C” power path switches set to OFF if V Vsys < 1.4 1.8 2.0 v
SYS(SC1)
Short circuit detection threshold hysteresis 50 mVv
- . Internal resistor connected from AC to SYS;
ReLT(ac) Sys Short circuit recovery pull-up resistors Specified by design 500 Q
N . Internal resistor connected from USB to SYS;
ReLt(uss) Sys Short circuit recovery pull-up resistors Specified by design 500 Q
Output short-circuit detection threshold, supplement
Vsvsiseo) mode Vpar — Vsys > Vo(scy) indicates short-circuit 200 250 300) mv
toeL(sc2) Deglitch time, supplement mode short circuit 120 us
trRec(sc2) Recovery time, supplement mode short circuit 60 ms
VBaT(sc) BAT pin short-circuit detection threshold 1.4 1.8 2.0 \%
lzaT(sc) Source current for BAT pin short-circuit detection 7.5 11 mA
DPPM LOOP®
Threshold at which DPPM loop is enabled. This is Set with Bits 35
the approximate voltage at SYS pin, when the USB . 3.75
Vopw or AC switch reaches current limit and the charging :ngziggiﬂ gEEm EE;E:EE:S%}; 4.25 v
current is reduced; Selectable by 12C 4.50

(1) If the DPPM threshold is lower than the battery voltage, supplement mode will be engaged first and the SYS voltage will chatter around
the battery voltage; during that condition no DPPM mode is available.
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BATTERY CHARGER

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
CHARGER SECTION
Battery discharge current 2 A
-1% 4.10 1%
Depgnding on setting in CHGCONFIG2 —1% 4.15 1%
Vo(BATREG) Battery charger voltage gr;?am{e:mzlzlé\EPROM Ty 4.20 9% \Y,
-1% 4.25 1%
Viowv Pre-charge to fast-charge transition threshold gifillilﬁe:cﬁfrg\(/a ?glggt; 22 \
toeLaowy) 5§r?2itt(i:gn“me on pre-charge to fast-charge 25 ms
toeL20wy) tl?;géiitt(izgntime on fast-charge to pre-charge 25 ms
Icha Battery fast charge current range ;/E{’;“REG) > Veat > Viowv: Vin = Vac OF Vyse = 100 1500 mA
Veat > Viowv: Vin =5V, Iinvax > lcue, NO
Iche Battery fast charge current load on SYS pin, thermal loop not active, Kiset/RiseT A
DPPM loop not active
KiseT Fast charge current factor for a charge current of 1500 mA 840 900 1000 AQ
KiseT Fast charge current factor for a charge current of 100 mA 930 1100 1200 AQ
lpRECHG Pre-charge current O.I?j: ?ci: Of:i: A
reru Charge current value for termination detection 0.08x 0.1x 0.13x A
threshold (internally set) Iche Iche Iche
toGL(TERM) Deglitch time, termination detected 25 ms
VReH Recharge detection threshold Voltage below nominal charger voltage 150 100 65 mV
toeL(RCH) Deglitch time, recharge threshold detected 125 ms
toeL(No-IN) Delay time, input power loss to charger turn-off xﬁ\lAE\j ie:\;/ é\T/iTESn;;i;ﬁ:d from 20 ms
IBaT(DET) Sink current for battery detection 3 10 mA
toET Battery detection timer 250 ms
Safety timer range, thermal and DPM not 4
Tche Charge safety timer 2%:;5556;33[?"%:\2/;[:2}&8“5 -15% 2 15%
<ChargeSafetyTimerValue0> 8
) Pre charge timer range, thermal and ] 25 30 35 )
TprRECHG Precharge timer DPM/DPPM I(_)ops not active scalable with 50 60 70 min
<Precharge Time>
TpcHGADD Pre-charge safety timer “add-on” time range Maximum value for pre-charge safety tim_er, 0 2xTche h
thermal, DPM or DPPM loops always active
BATTERY-PACK NTC MONITOR
Rr :32ull-up resistor from thermistor to Internal LDO . | 10 k curve 2 NTC —2% 7.35 2% kQ
C selectable 100 k curve 1 NTC 2% 625 2% |  kQ
Vhot High temperature trip point (set to 45°C) Battery charging 860 mV
Vhys(HoT) Hysteresis on high trip point (set to 3°C) Battery charging 50 mV
Vcolp Low temperature trip point (set to 0°C) Battery charging 1660 mV
Vhys(coLp) Hysteresis on low trip point (set to 3°C) Battery charging 50 mV
VioNTC No NTC detected NTC error 2000 mV
THauoLy tl?]t;gr;::g:;ir;ivtloerrtgﬁrmistor detection after 3 ms
togL(Ts) Deglitch time, pack temperature fault detection Battery charging 50 ms
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BATTERY CHARGER (continued)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
THERMAL REGULATION
Trec) Temperature regulation limit If temperature is exceeded, charge current is 115 125 135 o
reduced
Ti0rF) Charger thermal shutdown 155 °C
T30FF-HYS) Charger thermal shutdown hysteresis 20 °C
DEVICE INFORMATION
PIN ASSIGNMENT (TOP VIEW)
TPS65072 TPS65070, TPS65073, TPS650731, TPS650732
o s£§c
a a > > X X
g 4 s.8 &3 seeid ]
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g Fzz uwu E 8 S 58 & 8 E
PIN FUNCTIONS
PIN
I/0 DESCRIPTION
NAME NO.
CHARGER BLOCK:
AC 10 | Input power for power path manager, connect to external DC supply. Connect external 1yF (minimum) to
GND
USB 12 | Input power for power path manager, connect to external voltage from a USB port. Connect external 1uF
(minimum) to GND. Default input current limit is 500 mA max
BAT 5,6 O | Charger power stage output, connect to battery. Place a ceramic capacitor of 10uF from these pins to GND
AVDD6 1 O | Internal “always-on”-voltage. Connect a 4.7uF cap from AVDD6 to GND
sys 78 o System voltage; output of the power path manager. All voltage regulators are typically powered from this

output.

Temperature sense input. Connect to NTC thermistor to sense battery pack temperature. TPS6507x can be
Ts 1 | internally programmed to operate with a 10k curve 2 or 100k curve 1 thermistor. To linearize the thermistor
response, use a 75k (for the 10k NTC) or a 360k (for the 100k NTC) in parallel with the thermistor. Default
setting is 10k NTC

ISET 9 I | Connect a resistor from ISET to GND to set the charge current.

SCLK 28 || Clock input for the 12C interface.

SDAT 27 I/O | Data line for the 12C interface.
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PIN FUNCTIONS (continued)

PIN
110 DESCRIPTION
NAME NO.
AD_IN1 43 | Analog inputl for A/D converter TPS65070, TPS65073, TPS650731, TPS650732 only:
(TSX1) Input 1 to the x-plate for the touch screen.
AD_IN2 44 | Analog input2 for A/D converter TPS65070, TPS65073, TPS650731, TPS650732 only:
(TSX2) Input 2 to the x-plate for the touch screen
AD_IN3 45 | Analog input3 for A/D converter TPS65070, TPS65073, TPS650731, TPS650732 only:
(TSY1) Input 1 to the y-plate for the touch screen
AD_IN4 46 | Analog input4 for A/D converter TPS65070, TPS65073, TPS650731, TPS650732 only:
(TSY2) Input 2 to the y-plate for the touch screen
BYPASS a1 o Connect a 10uF bypass cap from this pin to GND. This pin can optionally be used as a reference output
(2.26 V). The maximum load on this pin is 0.1mA.
Connect a 2.2uF bypass cap from this pin to GND. The pin is connected to an internal LDO providing the
INT_LDO 48 O
- power for the touch screen controller (TSREF).
Open drain interrupt output. An interrupt can be generated upon:
iNT 40 ol* A touch of th.e touch screen .
« Voltage applied or removed at pins AC or USB
* PB_IN actively pulled low (optionally actively pulled high)
The output is actively pulled low if the interrupt is active. The output goes high after the Bit causing the
interrupt in register INT has been read. The interrupt sources can be masked in register INT, so no interrupt
is generated and pin INT is pulled high with its external pull-up resistor.
CONVERTERS:
VINDCDC1/2 21 I | Input voltage for DCDC1 and DCDC2 step-down converter. This pin must be connected to the SYS pin.
Feedback voltage sense input. For the fixed voltage option, this pin must directly be connected to Voutl, for
VDCDC1 19 | : . LI : L
the adjustable version, this pin is connected to an external resistor divider.
L1 20 O | Switch Pin for DCDCL1. Connect to Inductor
EN_DCDC1 14 | | Enable Input for DCDC1, active high
VDCDC2 23 | | Feedback voltage sense input, connect directly to Vout2
DEFDCDC2 18 || Select Pin of DCDC2 output voltage.
L2 22 O | Switch Pin of DCDC2. Connect to Inductor.
EN_DCDC2 15 | | Enable Input for DCDC2, active high
VINDCDC3 32 I | Input voltage for DCDC3 step-down converter. This pin must be connected to the SYS pin.
VDCDC3 29 | | Feedback voltage sense input, connect directly to Vout3
DEFDCDC3 17 I | Select Pin of DCDC3 output voltage.
L3 31 O | Switch Pin of DCDC3. Connect to Inductor.
EN_DCDC3 16 | | Enable Input for DCDC3, active high
PGND3 30 Power GND for DCDC3. Connect to PGND (PowerPAD)
AGND 42 Analog GND, connect to PGND (PowerPAD)
VINLDO1/2 3 I | Input voltage for LDO1 and LDO2
VLDO1 O | Output voltage of LDO1
VLDO2 O | Output voltage of LDO2
L4 37 I | Switch Pin of the white LED (WLED) boost converter. Connect to Inductor and rectifier diode.
FB_wLED 38 | | Feedback input for the boost converter's output voltage.
Isetl Connect a resistor from this pin to GND to set the full scale current for Isink1 and Isink2 with Bit Current
AD ING 35 | | Level in register WLED_CTRLO set to 1.
(AD_ING) Analog input6 for the A/D converter.
Iset2 Connect a resistor from this pin to GND to set the full scale current for Isink1 and Isink2 with Bit Current
AD IN7 36 | | Levelin register WLED_CTRLO set to 0.
(AD_IN7) Analog input? for the A/D converter.
Isink1 34 I | Input to the current sink 1. Connect the cathode of the LEDs to this pin.
Isink2 33 I | Input to the current sink 2. Connect the cathode of the LEDs to this pin.
BB N 25 | Enable input for TPS6507x. When pulled LOW, the DCDC converters and LDOs start with the sequencing
- as programmed internally. Internal 50k pull-up resistor to AVDD6
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PIN FUNCTIONS (continued)

PIN
I/0 DESCRIPTION
NAME NO.
Power_ON input for the internal state machine. After PB_IN was pulled LOW to turn on the TPS6507x, the
POWER ON 13 | POWER_ON pin needs to be pulled HIGH by the application processor to keep the system in ON-state
- when PB_IN is released HIGH. If POWER_ON is released LOW, the DCDC converters and LDOs will turn
off when PB_IN is HIGH.
PB OUT 2u o Open drain output. This pin is driven by the status of the /PB_IN input (after debounce). PB_OUT=LOW if
- PB_IN=LOW
Open drain power good output. The delay time equals the setting for Reset. The pin will go low depending
PGOOD 26 O | on the setting in register PGOODMASK. Optionally it is also driven LOW for 0.5ms when PB_IN is pulled
LOW for >15s.
TPS65070, TPS65073, TPS650731, TPS650732:Input for the reset comparator. RESET will be LOW if this
THRESHOLD a7 ! voltage drops below 1V.
EN WLED 47 | TPS65072: This pin is the actively high enable input for the wLED driver. The wLED converter is enabled by
- the ENABLE ISINK Bit OR enable EN_wLED pin.
TPS65070, TPS65073, TPS650731, TPS650732:
RESET 39 O | Open drain active low reset output, 20ms reset delay time. The status depends on the voltage applied at
THRESHOLD.
TPS65072:
This pin is the active high, push-pull output to enable an external LDO. This pin will be set and reset during
EN_EXTLDO 39 o startup e_md shutdown by the sequencing option programmed. The output is pulled internally to the SYS
voltage if HIGH.
The output is only used for sequencing options for Sirf Prima or Atlas 4 processors with DCDC_SQ[2..0] =
100 or DCDC_SQJ[2..0] = 111.
PowerPAD™ Power ground connection for the PMU. Connect to GND
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Functional Block Diagram
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PARAMETER MEASUREMENT INFORMATION

The data sheet graphs were taken on the TPS6507x evaluation module (EVM). Please refer to the EVM user’s

guide (SLVU291) for the setup information.

TYPICAL CHARACTERISTICS

TABLE OF GRAPHS

FIGURE
Efficiency DCDCL1 vs Load current / PWM mode Vo =3.3V; V|, =3.0V, 3.6V, 4.2V, 5V
Efficiency DCDCL1 vs Load current / PFM mode Vo =3.3V; V|, =3.0V, 3.6V, 4.2V, 5V 2
Efficiency DCDC2 vs Load current / PWM mode up to 1.5A Vo =2.5V; V,=3.0V, 3.6V, 4.2V, 5V 3
Efficiency DCDC2 vs Load current / PFM mode up to 1.5A Vo =2.5V; V,=3.0V, 3.6V, 4.2V, 5V 4
Efficiency DCDC2 vs Load current / PWM mode up to 1.5A Vo =1.8V; V,=3.0V, 3.6V, 4.2V, 5V 5
Efficiency DCDC2 vs Load current / PFM mode up to 1.5A Vo =1.8V; V,=3.0V, 3.6V, 4.2V, 5V 6
Efficiency DCDC3 vs Load current / PWM mode up to 1.5A Vo =1.2V;V,=3.0V, 3.6V, 4.2V, 5V 7
Efficiency DCDC3 vs Load current / PFM mode up to 1.5A Vo =1.2V;V,=3.0V, 3.6V, 4.2V, 5V 8
Efficiency DCDC3 vs Load current / PWM mode up to 1.5A Vo =1.0V; V,=3.0V, 3.6V, 4.2V, 5V 9
Efficiency DCDC3 vs Load current / PFM mode up to 1.5A Vo =1.0V; V,=3.0V, 3.6V, 4.2V, 5V 10
Load transient response converter 1 Scope plot; [o= 60mA to 540mA; Vo = 3.3V; V, = 3.6V 11
Load transient response converter 2 Scope plot; Io= 150mA to 1350mA; Vo = 1.8V; V, = 3.6V 12
Load transient response converter 3 Scope plot; o= 150mA to 1350mA; Vg = 1.2V; V, = 3.6V 13
Line transient response converter 1 Scope plot; Vo= 3.3; V|, = 3.6V to 5V to 3.6V, Io= 600mA 14
Line transient response converter 2 Scope plot; Vo= 1.8; V|, = 3.6V to 5V to 3.6V, I = 600mA 15
Line transient response converter 3 Scope plot; Vg = 1.2V; V|=3.6V to 5V to 3.6V; Io = 600mA 16
Output voltage ripple and inductor current converter 2; Scope plot; V| = 3.6V; Vo=1.8V; Io = 10mA 17
PWM Mode
Output voltage ripple and inductor current converter 2; Scope plot; V| = 3.6V; Vo=1.8V; Ig = 10mA 18
PFM Mode
Startup DCDC1, DCDC2 and DCDC3, LDO1, LDO2 Scope plot 19
Load transient response LDO1 Scope plot; Vo= 1.2V; Vi=3.6V 20
Line transient response LDO1 Scope plot 21
Kset VS Riser 22
WLED efficiency vs duty cycle 2 X 6LEDs (VLED=19.2V); lo= 2x20mA 23
WLED efficiency vs input voltage 2 X 6LEDs (VLED=19.2V); lo= 2x20mA 24
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Figure 1. Figure 2.
EFFICIENCY DCDC2 EFFICIENCY DCDC2
VS VS
LOAD CURRENT/PWM MODE LOAD CURRENT/PFM MODE
100 T T T T T 100
V=25V, | ‘
90 - PWM Mode 3N N 90 |3V = 4
25°C b i \ A \
80 94i 80| 3.6V | 7
3.6 / \ vi/i4 2V \
/ ™
70 70
4.2\ / / 5V
2 =
2 60 ‘ 7 s\ 60
> >
g 50 g 50 )
Q (]
S, 2 40
= =
g 40 v
30 30
20 // é 20 Vo=25V, 1f
/
10 : % 10 PVgM Mode 1
P 25°C
o === 0 LU L]
0.0001  0.001 0.01 0.1 1 10 0.0001  0.001 0.01 0.1 1 10

lg - Output Current - A

Figure 3.

lg - Output Current - A

Figure 4.
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Figure 5. Figure 6.
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Figure 7. Figure 8.
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Figure 9.
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Figure 10.
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Figure 11. Figure 12.
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LOAD TRANSIENT RESPONSE
CONVERTER 3

ooV DCDC3=3.6V,
- Load = 150 mA - 1350 mA - 150 mA

W T00ps T S00mA

Figure 13.
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T
- Load =0.6 A
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Figure 14.

LINE TRANSIENT RESPONSE
CONVERTER 3

- V;y DCDC3 (Offset: 3 V)}

19} Vjy=36V- 5.V ) 3;6V, . ViN=3.6V-5V-36V, .
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Figure 15. Figure 16.
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OUTPUT VOLTAGE RIPPLE AND INDUCTOR CURRENT
CONVERTER 2 - PWM MODE
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Figure 17.
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OUTPUT VOLTAGE RIPPLE AND INDUCTOR CURRENT
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Figure 18.
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Figure 19. Figure 20.
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Figure 21.
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DETAILED DESCRIPTION

BATTERY CHARGER AND POWER PATH

he TPS6507x integrate a Li-ion linear charger and system power path management targeted at space-limited
portable applications. The TPS6507x power the system while simultaneously and independently charging the
battery. This feature reduces the number of charge and discharge cycles on the battery, allows for proper charge
termination and enables the system to run with a defective or absent battery pack. It also allows instant system
turn-on even with a totally discharged battery. The input power source for charging the battery and running the
system can be an AC adapter or an USB port. The power-path management feature automatically reduces the
charging current if the system load increases. The power-path architecture also permits the battery to
supplement the system current requirements when the adapter cannot deliver the peak system currents.
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Figure 25. Charger Block Diagram
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POWER DOWN

The charger remains in a power down mode when the input voltage at the AC or USB pin is below the
under-voltage lockout threshold Vy, o. During the power down mode the host commands at the control pins are
not interpreted.

POWER-ON RESET

The charger resets when the input voltage at the AC or USB pin enters the valid range between Vyy, o and
Vowio- All internal timers and other circuit blocks are reset. The device then waits for a time period Tpg(pcoop).
after which CHARGER ACTIVE Bit indicates the input power status, and the Iset pin is interpreted.

POWER-PATH MANAGEMENT

The current at the input pin AC or USB of the power path manager is shared between charging the battery and
powering the system load on the SYS pin. Priority is given to the system load. The input current is monitored
continuously. If the sum of the charging and system load currents exceeds the preset maximum input current
(programmed internally by 12C), the charging current is reduced automatically. The default value for the current
limit is 500mA for the USB pin and 2500mA for the AC pin.

Figure 26 illustrates what happens in an example case where the battery fast-charge current is set to 500mA, the
input current limit is set at 900mA and the system load varies from 0 to 750mA.

T50mMAF —— ——— —— — — 5

p —7t AN

500 mA \

150 mAf — — — — — — - - /
1
1

lout

IBaT

1IN -MAX a-
900 mA Y4 \
_Z 500 mA

Figure 26. Power Path Functionality

SYS Output

The SYS pin is the output of the power path. When TPS6507x is turned off and there is no voltage at AC or
USB, the SYS output is disconnected internally from the battery. When TPS6507x is turned on by pulling PB_IN
=LOW, the voltage at SYS will ramp with a soft-start. During soft start, the voltage at SYS is ramped with a 30mA
current source until the voltage reached 1.8V. During the soft start, the SYS pin must not be loaded by an
external load.

BATTERY CHARGING

When Bit CHARGER ENABLE in register CHGCONFIG1 is set to 1, battery charging can begin. First, the device
checks for a short-circuit on the BAT pin: Igat(sc) is turned on till the voltage on the BAT pin rises above Vgar(sc).-
If conditions are safe, it proceeds to charge the battery.

The battery is charged in three phases: conditioning pre-charge, constant current fast charge (current regulation)
and a constant voltage tapering-off (voltage regulation). In all charge phases, an internal control loop monitors
the IC junction temperature and reduces the charge current if the internal temperature threshold is exceeded.

Figure 27 shows what happens in each of the three phases:
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Figure 27. Battery Charge

In the pre-charge phase, the battery is charged at a current of lprecnyg. The battery voltage starts rising. Once the
battery voltage crosses the V| owy threshold, the battery is charged at a current of Icyg. The battery voltage
continues to rise. When the battery voltage reaches Vgarreg), the battery is held at a constant value of Vgarreg)-
The battery current now decreases as the battery approaches full charge. When the battery current reaches
lterm: the TERM CURRENT flag in register CHGCONFIGO indicates charging done by going high.

Note that termination detection is disabled whenever the charge rate is reduced from the set point because of the
actions of the thermal loop, the DPM loop or the V. ow l0op.

The value of the fast-charge current is set by the resistor connected from the ISET pin to GND, and is given by
the equation

lche = Kiser / Riser (1) 1
Riser = Kiser / lcne 2 (2

Note that if Icyg is programmed as greater than the input current limit, the battery will not charge at the rate of
Iche, but at the slower rate of Iy.uwax (Minus the load current on the OUT pin, if any). In this case, the charger
timers will be slowed down by 2x whenever the thermal loop or DPPM is active.

I-PRECHARGE:

The value for the pre-charge current is fixed to a factor of 0.1 of the fast charge current (full scale current)
programmed by the external resistor Rset

ITERM:

The value for the termination current threshold can be set in register CHGCONFIG3 using Bits TERMINATION
CURRENT FACTOR 0 and TERMINATION CURRENT FACTOR 1. The termination current is pre-set to a factor
of 0.1 of the fast charge current programmed by the external resistor Rset.

Battery Detection and Recharge:

Whenever the battery voltage falls below Vicy (Vset-100mV), a check is performed to see whether the battery
has been removed: current lgarper) is pulled from the battery for a duration tper. If the voltage on the BAT pin
remains above V| owy, it indicates that the battery is still connected. If the charger is enabled by Bit CHARGER
ENABLE in register CHGCONFIG1 set to 1, the charger is turned on again to top up the battery.
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If the BAT pin voltage falls below V owy in the battery detection test, it indicates that the battery has been
removed. The device then checks for battery insertion: it turns on FET Q2 and sources lprgchg out of the BAT
pin for duration tpeg. If the voltage does not rise above Vgep, it indicates that a battery has been inserted, and a
new charge cycle can begin. If, however, the voltage does rise above Vicy, it is possible that a fully charged
battery has been inserted. To check for this, Igarper) is pulled from the battery for tper: if the voltage falls below
Vi owv, @ battery is not present. The device keeps looking for the presence of a battery.

Charge Termination On/Off:

Charge termination can be disabled by setting the Bit CHARGE TERMINATION ON/OFF in register
CHGCONFIGL to logic high. When termination is disabled, the device goes through the pre-charge, fast-charge
and CV phases, then remains in the CV phase — the charger behaves like an LDO with an output voltage equal
to Vgar(rec): able to source current up to Icyg Or Iin.wax, Whichever is lesser. Battery detection is not performed.

Timers:

The charger in TPS6507x has internal safety timers for the pre-charge and fast-charge phases to prevent
potential damage to either the battery or the system. The default values for the timers can be changed in
registers CHGCONFIG1 and CHGCONFIG3. The timers can be disabled by clearing Bit SAFETY TIMERS
ENABLE in register CHGCONFIG1. (Note that the timers are disabled when termination is disabled: Bit
CHARGE TERMINATION ON/OFF in register CHGCONFIG1 =1).

Dynamic Timer Function:

The following events can reduce the charging current and increase the timer durations in the fast charge phase:
1. The system load current increases, and the DPPM loop reduces the available charging current

2. The input current is reduced because the input voltage has fallen to V. ow

3. The device has entered thermal regulation because the IC junction temperature has exceeded Tjreg)

In each of these events, the internal timers are slowed down proportionately to the reduction in charging current.
Note also that whenever any of these events occurs, termination detection is disabled.

A modified charge cycle with the thermal loop active is shown in Figure 28.
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Figure 28. Thermal Loop
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Timer Fault:

The following events generate a fault status:

1. If the battery voltage does not exceed V| gwy in time tprecng during pre-charging

2. If the battery current does not reach ltggy in time tyaxcy in fast charge (measured from beginning of fast
charge).

The fault status is indicated by Bits CHG TIMEOUT or PRECHG TIMEOUT in register CHGCONFIGO set to 1.

BATTERY PACK TEMPERATURE MONITORING

The device has a TS pin that connects to the NTC resistor in the battery pack. During charging, if the resistance
of the NTC indicates that the battery is operating outside the limits of safe operation, charging is turned off. All
timers maintain their values. When the battery pack temperature returns to a safe value, charging is resumed,
and the timers are also turned back on.

Battery pack temperature sensing is disabled when termination is disabled and the voltage on the TS pin is
higher than Vpsrs) (caused by absence of pack and thus absence of NTC).

The default for the NTC is defined in register CHGCONFIG1 with Bit SENSOR TYPE as a 10k curve 2 NTC. The
sensor can be changed to a 100k curve 1 NTC by setting the Bit to 1.

There needs to be a resistor in parallel to the NTC for linearization of the temperature curve. The value for the
resistor is given in the table below:
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Sensor type resistor value in parallel to the NTC
10K curve 2 75k
100k curve 1 360k

BATTERY CHARGER STATE DIAGRAM
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Figure 29. Charger State Machine

DCDC CONVERTERS AND LDOs

OPERATION

The TPS6507x step down converters operate with typically 2.25MHz fixed frequency pulse width modulation
(PWM) at moderate to heavy load currents. At light load currents the converter automatically enters Power Save
Mode and operates in Pulse Frequency Modulation (PFM) .
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During PWM operation the converter use a unique fast response voltage mode controller scheme with input
voltage feed-forward to achieve good line and load regulation allowing the use of small ceramic input and output
capacitors. At the beginning of each clock cycle initiated by the clock signal, the High Side MOSFET switch is
turned on. The current flows now from the input capacitor via the High Side MOSFET switch through the inductor
to the output capacitor and load. During this phase, the current ramps up until the PWM comparator trips and the
control logic will turn off the switch. The current limit comparator will also turn off the switch in case the current
limit of the High Side MOSFET switch is exceeded. After a dead time preventing shoot through current, the Low
Side MOSFET rectifier is turned on and the inductor current will ramp down. The current flows now from the
inductor to the output capacitor and to the load. It returns back to the inductor through the Low Side MOSFET
rectifier.

The next cycle will be initiated by the clock signal again turning off the Low Side MOSFET rectifier and turning on
the on the High Side MOSFET switch.

The DC-DC converters operate synchronized to each other, with converter 1 as the master. A phase shift of 180°
between converter 1 and converter 2 decreases the input RMS current. Therefore smaller input capacitors can
be used. Converter 3 operates in phase with converter 1.

DCDC1 Converter

The output voltage for converter 1 is set to a fixed voltage internally in register DEFDCDC1. The voltage can be
changed using the 12C interface. The default settings are given in Table 1.

Optionally the voltage can be set by an external resistor divider if configured in register DEFDCDCL.

DCDC2 Converter

The VDCDC2 pin must be directly connected to the DCDC2 converter's output voltage. The DCDC2 converter's
output voltage can be selected via the DEFDCDC2 pin or optionally by changing the values in registers
DEFDCDC2_LOW and DEFDCDC2_HIGH. If pin DEFDCDC2 is pulled to GND, register DEFDCDC2_LOW
defines the output voltage. If the pin DEFDCDC?2 is driven HIGH, register DEFDCDC2_HIGH defines the output
voltage. Therefore, the voltage can either be changed between two values by toggling pin DEFDCDC2 or by
changing the register values. Default voltages for DCDC1, DCDC2 and DCDC3 are:

Table 1. Default Voltages

DCDC1 DCDC2 DCDC3
DEFDCDC2=LOW DEFDCDC2=HIGH DEFDCDC3=LOW DEFDCDC3=HIGH
TPS65070 3.3V 18V 33V 1.0V 1.2v
TPS65072 3.3V 18V 25V 1.2V 1.4V
TPS65073 1.8V 1.2V 1.8V 1.2V 135V
TPS650731 1.8V 1.2V 1.8V 1.2V 135V
TPS650732 1.8V 18V 33V 1.2V 135V

DCDC3 Converter

The VDCDC3 pin must be directly connected to the DCDC3 converter's output voltage. The DCDC3 converter's
output voltage can be selected via the DEFDCDCS3 pin or optionally by changing the values in registers
DEFDCDC3_LOW and DEFDCDC3_HIGH. If pin DEFDCDC3 is pulled to GND, register DEFDCDC3_LOW
defines the output voltage. If the pin DEFDCDCS3 is driven HIGH, register DEFDCDC3_HIGH defines the output
voltage. Therefore, the voltage can either be changed between two values by toggling pin DEFDCDC3 or by
changing the register values.

LDO2 can optionally be forced to follow the voltage defined for DCDC3 by setting Bit LDO2 TRACKING in
register DEFLDO2.
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POWER SAVE MODE

The Power Save Mode is enabled by default. If the load current decreases, the converter will enter Power Save
Mode operation automatically. During Power Save Mode the converter skips switching and operates with
reduced frequency in PFM mode and with a minimum quiescent current to maintain high efficiency. The
converter will position the output voltage typically +1% above the nominal output voltage. This voltage positioning
feature minimizes voltage drops caused by a sudden load step.

The transition from PWM Mode to PFM Mode occurs once the inductor current in the Low Side MOSFET switch
becomes 0.

During the Power Save Mode the output voltage is monitored with a PFM comparator. As the output voltage falls
below the PFM comparator threshold of Voyumomina 1%, the device starts a PFM pulse. For this the High Side
MOSFET switch will turn on and the inductor current ramps up. Then it will be turned off and the Low Side
MOSFET switch will be turned on until the inductor current becomes 0.

The converter effectively delivers a current to the output capacitor and the load. If the load is below the delivered
current the output voltage will rise. If the output voltage is equal or higher than the PFM comparator threshold,
the device stops switching and enters a sleep mode with typical 15uA current consumption.

In case the output voltage is still below the PFM comparator threshold, further PFM current pulses will be
generated until the PFM comparator threshold is reached. The converter starts switching again once the output
voltage drops below the PFM comparator threshold.

With a single threshold comparator, the output voltage ripple during PFM Mode operation can be kept very small.
The ripple voltage depends on the PFM comparator delay, the size of the output capacitor and the inductor
value. Increasing output capacitor values and/or inductor values will minimize the output ripple.

The PFM Mode is left and PWM Mode entered in case the output current can not longer be supported in PFM
Mode or if the output voltage falls below a second threshold, called PFM comparator low threshold. This PFM
comparator low threshold is set to —1% below nominal Vout, and enables a fast transition from Power Save
Mode to PWM Mode during a load step. In Power Save Mode the quiescent current is reduced typically to 15pA.

The Power Save Mode can be disabled through the I2C interface for each of the step-down converters
independent from each other. If Power Save Mode is disabled, the converter will then operate in fixed PWM
mode.

Dynamic Voltage Positioning

This feature reduces the voltage under/overshoots at load steps from light to heavy load and vice versa. It is
active in Power Save Mode. It provides more headroom for both the voltage drop at a load step, and the voltage
increase at a load throw-off. This improves load transient behavior. At light loads, in which the converter operates
in PFM Mode, the output voltage is regulated typically 1% higher than the nominal value. In case of a load
transient from light load to heavy load, the output voltage drops until it reaches the PFM comparator low
threshold set to —1% below the nominal value and enters PWM mode. During a load throw off from heavy load to
light load, the voltage overshoot is also minimized due to active regulation turning on the Low Side MOSFET
switch.

Output voltage
Vout +1%

PFM Comparator
threshold

Voltage Positioning

Light load
PFM Mode

Vout (PWM)

moderate to heavy load -

PWM Mode

Figure 30. Power Save Mode
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100% Duty Cycle Low Dropout Operation

The device starts to enter 100% duty cycle Mode once the input voltage comes close the nominal output voltage.
In order to maintain the output voltage, the High Side MOSFET switch is turned on 100% for one or more cycles.

With further decreasing V|y the High Side MOSFET switch is turned on completely. In this case the converter
offers a low input-to-output voltage difference. This is particularly useful in battery-powered applications to
achieve longest operation time by taking full advantage of the whole battery voltage range.

The minimum input voltage to maintain regulation depends on the load current and output voltage, and can be
calculated as:

Vinmin = VOUtmax + IOUtmax x (RDsonmax + RL) (3) (3)
With:

lout,a = Maximum output current plus inductor ripple current

RDSon,,, = maximum P-channel switch RDSon.

R, = DC resistance of the inductor

Vout,ax = Nominal output voltage plus maximum output voltage tolerance

Under-Voltage Lockout

The under voltage lockout circuit prevents the device from malfunctioning at low input voltages and from
excessive discharge of the battery and disables the DCDC converters and LDOs. The under-voltage lockout
threshold is configurable in the range of typically 2.8V to 3.25V with falling voltage at the SYS pin. The default
undervoltage lockout voltage as well as the hysteresis are defined in register CON_CTRL2. The default
undervoltage lockout voltage is 3.0V with 500mV hysteresis.

SHORT-CIRCUIT PROTECTION

The High Side and Low Side MOSFET switches are short-circuit protected with maximum output current = ILIMF.
Once the High Side MOSFET switch reaches its current limit, it is turned off and the Low Side MOSFET switch is
turned. The High Side MOSFET switch can only turn on again, once the current in the Low Side MOSFET switch
decreases below its current limit.

Soft Start

The 3 step-down converters in TPS6507x have an internal soft start circuit that controls the ramp up of the output
voltage. The output voltage ramps up from 5% to 95% of its nominal value within typ. 250us. This limits the
inrush current in the converter during start up and prevents possible input voltage drops when a battery or high
impedance power source is used. The Soft start circuit is enabled after the start up time tg, has expired.

7

During soft start, the output voltage ramp up is controlled as shown in Figure 31.

EN
|
|
95% | /
e
| .
| |
| |
|
5% | |
— e —— I_ ______ I
Vout I V) :
t | t
| Start | RAMP |
> |- >
Figure 31. Soft Start
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ENABLE

To start up each converter independently, the device has a separate enable pin for each of the DCDC
converters. In order to enable any converter with its enable pins, the TPS6507x devices need to be in ON-state
by pulling PB_IN=LOW or POWER_ON=HIGH. The sequencing option programmed needs to be DCDC_SQ|2..0]
=101.

If EN_DCDC1, EN_DCDC2, EN_DCDCS3 are set to high, the corresponding converter starts up with soft start as
previously described.

Pulling the enable pin low forces the device into shutdown, with a shutdown quiescent current as defined in the
electrical characteristics. In this mode, the high side and low side MOSFETs are turned-off, and the entire
internal control circuitry is switched-off. If disabled, the outputs of the DCDC converters are pulled low by internal
250Q resistors, actively discharging the output capacitor. For proper operation the enable pins must be
terminated and must not be left floating.

Optionally, there is internal sequencing for the DCDC converters and both LDOs available. Bits DCDC_SQ[0..2]
in register CON_CTRL1 define the start-up and shut-down sequence for the DCDC converters. Depending on
the sequencing option, the signal at EN_DCDC1, EN_DCDC2 and EN_DCDC3 are ignored. For automatic
internal sequencing, the enable signals which are not used should be connected to GND.

LDO1 and LDO2 will start up automatically as defined in register LDO_CTRL1. See details about the sequencing
options in the register description for CON_CTRL1 and LDO_CTRL1.

RESET (TPS65070, TPS65073, TPS650731, TPS650732 only)

The TPS6507x contain circuitry that can generate a reset pulse for a processor with a certain delay time. The
input voltage at a comparator is sensed at an input called THRESHOLD. When the voltage exceeds the
threshold, the output goes high with the delay time defined in register PGOOD. The reset circuitry is not active in
OFF-state. The pull-up resistor for this open drain output must not be connected directly to the battery as this
may cause a leakage path when the power path (SYS voltage) is turned off. The reset delay time equals the
setting for the PGOOD signal.

Vbat

%THRESHOLD I
% delay

9Vref=1v

1 /RESET

Vbat
THResHoD - ————————— o

comparator‘ i
output (internal)

A TRESET

RESET

Figure 32. Reset Timing

PGOOD (reset signal for applications processor)

This open drain output generates a power-good signal depending on the status of the power good Bits for the
DCDC converters and the LDOs. Register PGOODMASK defines which of the power good Bits of the converters
and LDOs are used to drive the external PGOOD signal low when the voltage is below the target value. If e.g.,
Bit MASK DCDC?2 is set to 1, the PGOOD pin will be driven low as long as the output of DCDC2 is below the
target voltage. If the output voltage of DCDC2 rises to its nominal value, the PGOOD pin will be released after
the delay time defined. See the default settings in the register description.
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PB_IN (Push-button IN)

This pin is the ON/OFF button for the PMU to leave OFF-state and enter ON-state by pulling this pin to GND.
Entering ON-state will first ramp the output voltage of the power path (SYS), load the default register settings and
start up the DCDC converters and LDOs with the sequencing defined. In ON-state, the 12C interface is active and
the wLED converter can be enabled. The system turns on if PB_IN is pulled LOW for >50ms (debounce time)
AND the output voltage of the power path manager is above the undervoltage lockout voltage (AVDD6 > 3.0V).
This is for Vbat>3.0V OR VAC>3.0V OR VUSB>3.0V. The default voltage for the undervoltage lockout voltage
can be changed with Bits <UVLO1>, <UVLOO0> in register CON_CTRL2. The value will be valid until the device
was turned off completely by entering Off state. The system turns off if PB_IN is released OR the system voltage
falls below the undervoltage lockout voltage of 3.0V. This is the case when either the battery voltage drops below
3.0V or the input voltage at the pins AC or USB is below 3.0V. In order to keep the TPS6507x enabled after
PB_IN is released HIGH, there is an input pin called POWER_ON which needs to be pulled HIGH before the
PB_IN button is released. POWER_ON=HIGH will typically be asserted by the application processor to keep the
PMU in ON-state after the power button at PB_IN is released.

In addition to this, there is a 15s timer which will drive PGOOD=LOW for 0.5ms when 15s are expired. The 15s
timer is enabled again when PB_IN is released HIGH. If PB_IN is pulled LOW for 30s continuously, PGOOD wiill
be driven LOW only once after the first 15s. When PGOOD is driven LOW due to PB_IN=low for 15s, all
registers in TPS6507x are set to their default value. See Figure 33.

Power OFF
SYS = OFF

voltage at AC applied OR
voltage at USB applied OR
PB_IN=0

Power OFF 2
SYS =ON

all voltages powered down
voltage at AC applied OR
Yyoltage at USB applied
all voltages powered down

PB_IN=18&
POWER_ON=1

DCDC converters
power down
LDOs power down
depending on
sequencing option

PB_IN=0 (falling edge’
detect)

POWER_ON=0

POWER_ON=1

DCDC converters start
LDOs start
depending on sequencing option

Figure 33. State Machine
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PB_OUT

This pin is a status output. PB_OUT is used as the wake-up interrupt to an application processor based on the
status of PB_IN. If PB_IN=LOW, PB_OUT = LOW (after 50ms debounce). If PB_IN=HIGH, PB_OUT= high
impedance (HIGH).

The pull-up resistor for this open drain output must not be connected directly to the battery as this may cause a
leakage path when the power path (SYS) is turned off.

POWER_ON

This pin is an input to the PMU which needs to be pulled HIGH for the PMU to stay in POWER ON_2-state once
PB_IN is released. Once this pin is pulled LOW while PB_IN=LOW, the PMU is shutting down without delay,
turning off the DCDC converters and the LDOs. If POWER_ON is pulled HIGH while there is power at USB or
AC, the TPS6507x will enter POWER ON_2-state and start the DCDC converters and LDOs according to the
sequence programmed. See Figure 33.

EN_WLED (TPS65072 only)

If the EN_wLED pin is pulled HIGH, the boost converter is enabled with a default duty cycle of 30% for dimming.
If the pin is pulled LOW, the boost convert is disabled. The white LED boost converter can also be enabled with
its ENABLE ISINK Bit in register WLED_CTRL1. The converter is enabled whenever the pin is HIGH OR the Bit
is set to 1.

EN_EXTLDO (TPS65072 only)

The EN_EXTLDO pin will go high during startup depending on the sequencing option programmed. The pin will
go low again if the TPS6507x is going to OFF state (POWER OFF).

The external LDO is used for the sequencing option DCDC_SQ[0,2]=111, LDO_SQ[0,2]=010, used for the Atlas4
processor and with sequencing option DCDC_SQ[0,2]=100, LDO_SQ[0,2]=111 used for the Sirf Prima processor.
See the application section for the timing diagrams.

SHORT-CIRCUIT PROTECTION
All outputs are short circuit protected with a maximum output current as defined in the electrical specifications.

THERMAL SHUTDOWN

As soon as the junction temperature, T;, exceeds typically 150°C for the DCDC converters or LDOs, the device
goes into thermal shutdown. In this mode, the high side MOSFETs are turned-off. The device continues its
operation when the junction temperature falls below the thermal shutdown hysteresis again. A thermal shutdown
for one of the DCDC converters or LDOs will disable all step-down converters simultaneously.

Low Dropout Voltage Regulators

The low dropout voltage regulators are designed to operate well with low value ceramic input and output
capacitors. They operate with input voltages down to 1.8V. The LDOs offer a maximum dropout voltage of
200mV at rated output current. Each LDO supports a current limit feature. LDO2 is enabled internally using Bit
ENABLE_LDO?2? in register CON_CTRL1. The output voltage for LDO2 is defined by the settings in register
DEFLDO2. LDO2 can also be configured in such a way that it follows the output voltage of converter DCDC3 by
setting Bit LDO2 TRACKING = 1 in register DEFLDO?2.

LDOL1 is enabled internally using Bit ENABLE_LDOL1 in register CON_CTRL1. The output voltage for LDO1 is
defined by the settings in register DEFLDO1. LDO1 can also be enabled automatically depending on the settings
in register LDO_CTRL1.

White LED Boost Converter

The converter is in shutdown mode by default and is being turned on by setting the enable Bit with the 12C
interface or for TPS65072 with pin EN_wLED. The enable Bit is located in register WLED_CTRL1 and is called
ENABLE ISINK as it enables the current sink for the white LEDs. Once enabled, an output voltage is
automatically generated at FB_wLED, high enough to force the programmed current through the string of white
LEDs. Two strings of white LEDs can be powered. The current in each of the two strings is regulated by an
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internal current sink at pins Isinkl and Isink2. The maximum current through the current sinks is set with two
external resistors connected from pins ISET1 and ISET2 to GND. ISET1 sets the maximum current when Bit
CURRENT LEVEL in register WLED _CTRL2 is set to 1. If this Bit is set to 0, which is the default setting, the
maximum current is defined by the resistor connected at ISET2. This allows change between two different
maximum current settings during operation. The LED current can further be dimmed with an internal PWM signal.
The duty cycle for this PWM signal can be changed with the Bits LED DUTY CYCLE 0 to LED DUTY CYCLE 6 in
register WLED_CTRL2 in a range from 1% to 100%. In case a dimming ratio higher than 1:100 is needed, the
maximum LED current need to be changed to a lower value as defined with Iset2. In order to do this without any
flicker, the PWM dimming and the current level is defined in the same register, so both settings can be changed
at the same time with a single write access to register WLED CTRL2. An internal overvoltage protection limits
the maximum voltage at FB_wLED to 37V typically. The output voltage at FB_WLED also has a lower limit which
is set to 12V. In case less than 4LEDs are used, the output voltage at the boost converter will not drop below
12V but the voltage from ISINK1 and ISINK2 to GND is increased accordingly.

A/D Converter

The 10Bit successive approximation (SAR) A/D converter with an input multiplexer can be used to monitor
different voltages in the system. These signals are monitored:

» Battery voltage

» Voltage at AC input

» Voltage at