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TPS65070x Power Management IC (PMIC) With Battery Charger, 3 Step-Down Converters,
and 2 LDOs

1 Features

e Charger/Power Path Management:
— 2-A Output Current on the Power Path

— Linear Charger; 1.5-A Maximum Charge
Current

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

— Thermal Regulation, Safety Timers
— Temperature Sense Input
» 3 Step-Down Converters:
— 2.25-MHz Fixed-Frequency Operation
— Upto 1.5 A of Output Current
— Adjustable or Fixed Output Voltage
— V,y Range From 2.8 V10 6.3V
— Power Save Mode at Light Load Current
— Output Voltage Accuracy in PWM Mode +1.5%

— Typical 19-pA Quiescent Current per
Converter

— 100% Duty Cycle for Lowest Dropout
 LDOs:
— Fixed Output Voltage
— Dynamic Voltage Scaling on LDO2
— 20-pA Quiescent Current
— 200-mA Maximum Output Current
— V,y Range From 1.8 V10 6.3V
» WLED Boost Converter:
— Internal Dimming Using 12C
— Upto2x10 LEDs
— Up to 25 mA per String With Internal Current
Sink
 I2C Interface
+ 10 Bit A/D Converter
* Touch Screen Interface

» Undervoltage Lockout and Battery Fault
Comparator

2 Applications

» Portable Navigation Systems

* PDAs, Pocket PCs

* OMAP™ and Low Power DSP Supplies

3 Description

The TPS6507x family of devices are single-chip
power management ICs (PMICs) 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
2.25-MHz 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.

Device Information®
PACKAGE BODY SIZE (NOM)
VQFN (48) 6.00 mm x 6.00 mm

PART NUMBER
TPS65070x

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Description (continued)

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
devices also integrate two general purpose LDOs for an output current of 200 mA. 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 from 1.8 V to 6.3 V 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 LEDSs.

The TPS6507x devices come in a 48-pin leadless package (6-mm x 6-mm VQFN) with a 0.4-mm pitch.

6 Device Options

yQurPuT OUTPUTD‘ég'(-:TlAGE AT | OUTPUT VOLTAGE OUTPUT CURRENT AT PGOOD, TOUCH SCREEN T
S g AT LDO1 / LDO2 DCDC1 / DCDC2 / DCDC3 RESET DELAY CONTROLLER

(é&’p{;i;’g) 18 3/3/ ;’_3 v 18V/12V 06A/1L5A/15A 400 ms Yes TPS65070RSL

ey | aittee | vonv | Spgmimn | wm | w | e

Cawmn | 1eviasv 18V/18V itowalsoqeing woms e TPssoTSzRSt

(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.

4 Submit Documentation Feedback Copyright © 2009-2018, Texas Instruments Incorporated
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7 Pin Configuration and Functions

TPS6507x RSL Package
48-Pin VQFN With Thermal Pad

TPS65072 RSL Package
48-Pin VQFN With Thermal Pad
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Pin Functions
PIN
NO. /0 DESCRIPTION
NAME
TPS6507x | TPS65072
CHARGER BLOCK
Input power for power path manager, connect to external DC supply. Connect external 1 uF (minimum) to
AC 10 10 | GND
Analog inputl for A/D converter;
AD_IN1 (TSX1) 43 43 | | TPS65070, TPS65073, TPS650731, TPS650732 only:
Input 1 to the x-plate for the touch screen.
Analog input2 for A/D converter;
AD_IN2 (TSX2) 44 44 | TPS65070, TPS65073, TPS650731, TPS650732 only:
Input 2 to the x-plate for the touch screen
Analog input3 for A/D converter;
AD_IN3 (TSY1) 45 45 | | TPS65070, TPS65073, TPS650731, TPS650732 only:
Input 1 to the y-plate for the touch screen
Analog input4 for A/D converter;
AD_IN4 (TSY2) 46 46 | TPS65070, TPS65073, TPS650731, TPS650732 only:
Input 2 to the y-plate for the touch screen
AVDD6 1 1 O | Internal “always-on"-voltage. Connect a 4.7-uF capacitor from AVDD6 to GND
BAT 56 5,6 O | Charger power stage output, connect to battery. Place a ceramic capacitor of 10 puF from these pins to GND
BYPASS a1 a1 o Connect a 10-pF bypass capacitor 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 0.1 mA.
Open-drain interrupt output. An interrupt can be generated upon:
— * A touch of the touch screen
INT 4 4 R .
0 0 ° . Voltage applied or removed at pins AC or USB
* PB_IN actively pulled low (optionally actively pulled high)
Connect a 2.2-pF bypass capacitor from this pin to GND. The pin is connected to an internal LDO providing
INT_LDO 48 48 (0]
- the power for the touch screen controller (TSREF).
ISET 9 9 | | Connect a resistor from ISET to GND to set the charge current.

Copyright © 2009-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
NO. /10 DESCRIPTION
NAME
TPS6507x | TPS65072
SCLK 28 28 I | Clock input for the 12C interface.
SDAT 27 27 1/0 | Data line for the 12C interface.
System voltage; output of the power path manager. All voltage regulators are typically powered from this
SYS 7,8 7,8 o output
Temperature sense input. Connect to NTC thermistor to sense battery pack temperature. TPS6507x can be
Ts 1 1 | internally programmed to operate with a 10-kQ curve 2 or 100-kQ2 curve 1 thermistor. To linearize the
thermistor response, use a 75-kQ (for the 10-kQ NTC) or a 360-kQ (for the 100-kQ NTC) in parallel with the
thermistor. Default setting is 10-kQ NTC.
USB 12 12 | Input power for power path manager, connect to external voltage from a USB port. Connect external 1 pF
(minimum) to GND. Default input current limit is 500 mA maximum.
CONVERTERS
AGND 42 42 — | Analog GND, connect to PGND (thermal pad)
DEFDCDC2 18 18 | | Select Pin of DCDC2 output voltage.
DEFDCDC3 17 17 | | Select Pin of DCDC3 output voltage.
EN_DCDC1 14 14 | Enable Input for DCDC1, active high
EN_DCDC2 15 15 | Enable Input for DCDC2, active high
EN_DCDC3 16 16 | Enable Input for DCDC3, active high
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_lnd 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_SQI2..0] = 111.
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.
FB_WLED 38 38 | | Feedback input for the boost converter's output voltage.
ISET1 Connect a resistor from this pin to GND to set the full scale current for Isink1 and Isink2 with Bit Current Level
AD ING 35 35 | in register WLED_CTRLO set to 1.
(AD_ING) Analog input6 for the A/D converter.
ISET?2 Connect a resistor from this pin to GND to set the full scale current for Isink1 and Isink2 with Bit Current Level
AD IN7 36 36 | in register WLED_CTRLO set to 0.
(AD_INT) Analog input7 for the A/D converter.
ISINK1 34 34 I | Input to the current sink 1. Connect the cathode of the LEDs to this pin.
ISINK2 33 33 I | Input to the current sink 2. Connect the cathode of the LEDs to this pin.
L1 20 20 O | Switch Pin for DCDCL1. Connect to Inductor
L2 22 22 O | Switch Pin of DCDC2. Connect to Inductor.
L3 31 31 O | Switch Pin of DCDC3. Connect to Inductor.
L4 37 37 I | Switch Pin of the white LED (WLED) boost converter. Connect to Inductor and rectifier diode.
PE N 25 25 | Enable input for TPS6507x. When pulled LOW, the DCDC converters and LDOs start with the sequencing as
- programmed internally. Internal 50kO pullup resistor to AVDD6
PB_OUT 24 24 o Open—tiraln output. This pin is driven by the status of the /PB_IN input (after debounce). PB_OUT=LOW if
PB_IN=LOW
PGND3 30 30 — | Power GND for DCDC3. Connect to PGND (thermal pad)
Open-drain power good output. The delay time equals the setting for Reset. The pin will go low depending on
PGOOD 26 26 O | the setting in register PGOODMASK. Optionally it is also driven LOW for 0.5 ms when PB_IN is pulled LOW
for >15s.
Power_ON input for the internal state machine. After PB_IN was pulled LOW to turn on the TPS6507x, the
POWER ON 13 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.
TPS65070, TPS65073, TPS650731, TPS650732:
RESET 39 — O | Open-drain active low reset output, reset delay time equals settings in register PGOOD. The status depends
on the voltage applied at THRESHOLD.
THRESHOLD a7 _ | TPS65070, TPS65073, TPS650731, TPS650732:Input for the reset comparator. RESET will be LOW if this
voltage drops below 1 V.
Feedback voltage sense input. For the fixed voltage option, this pin must directly be connected to Vout1, for
VDCDC1 19 19 | . . L . L
the adjustable version, this pin is connected to an external resistor divider.
VDCDC2 23 23 | | Feedback voltage sense input, connect directly to Vout2
6 Submit Documentation Feedback Copyright © 2009-2018, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NAME NO. 110 DESCRIPTION

TPS6507x | TPS65072
VDCDC3 29 29 | Feedback voltage sense input, connect directly to Vout3
VINDCDC1/2 21 21 | Input voltage for DCDC1 and DCDC2 step-down converter. This pin must be connected to the SYS pin.
VINLDO1/2 3 3 | Input voltage for LDO1 and LDO2
VIN_DCDC3 32 32 I | Input voltage for DCDC3 step-down converter. This pin must be connected to the SYS pin.
VLDO1 4 4 O | Output voltage of LDO1
VLDO2 2 2 O | Output voltage of LDO2
Thermal Pad — | Power ground connection for the PMU. Connect to GND

8 Specifications

8.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
On all pins except the pins listed below with respect to AGND -0.3 7
On pins INT, RESET, PGOOD, PB_OUT with respect to AGND -0.3 V(AVDD6)
On pins VINDCDC1/2, VINDCDC3, VINLDO respect to AGND -0.3 V(SYS)
Voltage On pins AD_IN1, AD_IN2, AD_IN3, AD_IN4 with respect to AGND -0.3 3.3 v
On pins ISINK1, ISINK2, AC, USB -0.3 20
On pin L4 (output voltage of boost converter), FB_wLED -0.3 40
Current In/Out at SYS, AC, .USB, BAT, L3 3000 mA
In/Out at all other pins 1000 mA
Power Continuous total power dissipation See Dissipation Ratings®?
Operating free-air temperature, Tp 40 85 °C
Temperature Maximum junction temperature, T, 125 °C
Storage temperature, Tgy —65 150 °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.

(2) The thermal resistance Ryjp junction to thermal pad of the RSL package is 1.1 K/W. The value for Ry;5 was measured on a high K
board.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins® +2000
Vespy Electrostatic discharge Chargeg)device model (CDM), per JEDEC specification JESD22-C101, +500 \Y
all pins -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

8.3 Recommended Operating Conditions

MIN  NOM MAX | UNIT
BATTERY CHARGER AND POWER PATH
VN Input voltage for power path manager at pins AC or USB 4.3 17
Input voltage for power path manager at pins AC or USB, charger and power path
h 4.3 5.8
active (no overvoltage lockout) Y,
Input voltage for power path manager at pins AC or USB in case there is no battery
: 3.6 17
connected at pin BAT
] Input current at AC pin 25 A
Input current at USB pin 1.3
Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 7
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Recommended Operating Conditions (continued)

MIN  NOM MAX | UNIT

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 6.3W \%
Vpepel Output voltage range for VDCDC1 step-down converter 0.6 VINDCDC1 \%
Vpepez Output voltage range for VDCDC2, DCDC3 step-down converter 0.6 VINDCDC2 \%
V/|NLDOX 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 \%
loutpcpel Output current at L1; except TPS650701 600 mA
loutbepel Output current at L1 for TPS650701 1200 mA
L1 Inductor at L1 @ 15 2.2 uH
Cinbepciz  Input Capacitor at VINDCDC1 and VINDCDC2®) 22 uF
CouTpcpc1  Output Capacitor at VDCDC1® 10 22 =
loutpcpez Output current at L2; 1500 mA
L2 Inductor at L2 15 2.2 uH
CouTpcpcz  Output Capacitor at VDCDC2 @ 10 22 =
loutpcpes Output current at L3;except TPS65072 1500 mA
loutpcpes Output current at L3 for TPS65072 600 mA
L3 Inductor at L3 15 2.2 uH
CinDCDC3 Input Capacitor at VINDCDC3®? 10 uF
CouTpcpcs ~ Output Capacitor at VDCDC3® 10 22 uF
L4 Inductor at L4 @ 22 pH
Coutwiep  Output Capacitor at wLED boost converter 4.7 uF
CinLDO1/2 Input Capacitor at VINLDO1/2 2.2 uF
CouTLpO1 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
Csvys Capacitor at SYS pin 22 100 @ | pF
Cgypass Capacitor at BYPASS pin 10 uF
CiNT LDO Capacitor at INT_LDO pin 2.2 uF
CavbDs Capacitor at AVDD6 pin 4.7 uF
Ta Operating ambient temperature -40 85 °C
Ty Operating junction temperature -40 125 °C

(1) 6.3V orVSYS whichever is less.
(2) See Application Information for more details.
(3) For proper soft-start.
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8.4 Thermal Information

TPS65070x
THERMAL METRIC® RSL (VQFN) UNIT
48 PINS
Rgia Junction-to-ambient thermal resistance 30 °C/W
Rojctop) Junction-to-case (top) thermal resistance 16 °C/W
Rgis Junction-to-board thermal resistance 5.3 °C/W
WIT Junction-to-top characterization parameter 0.2 °C/W
viB Junction-to-board characterization parameter 5.3 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 1 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

8.5 Electrical Characteristics

VSYS =3.6 V, EN_DCDCx = VSYS, L = 2.2 pH, Coyt = 10 pF, 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 DC-DC converters 2.8 6.3 \%
Only DCDC2, DCDC3 and LDO1 enabled, device in ON- 140
mode; DCDC converters in PFM
Per DC/DC converter, PFM mode 19 30 HA
I Operating quiescent current For LDO1 or LDO2 (either one enabled) 20 35
Q Total current into VSYS, VINDCDCx, VINLDO1/2
For LDO1 and LDO2 (both enabled) 34
For wLED converter 15 A
m
Per DC/DC converter, PWM mode 25
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
Vuvio  Undervoltage lockout threshold SYS; falling voltage, voltage defined with <UVLOO0>, 31 \%
<UVLO1> DEFAULT: 3V :
3.25
) Rising voltage defined with <UVLO hysteresis>; DEFAULT: 360
Undervoltage lockout hysteresis 500 mV 450 mV
Undervoltage lockout deglitch time Due to internal delay 4 ms
T Thermal shutdown for DCDC converters, WLED Increasing iunction temperature 150 oC
Sb driver and LDOs 9! P
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, DEFDCDC?2, 1.2 Vsys \%
DEFDCDC3, SDAT, SCLK, EN_wLED
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,
Iin EN_DCDC3, DEFDCDC2, DEFDCDC3, SDAT, 0.01 1 HA
SCLK

Copyright © 2009-2018, Texas Instruments Incorporated
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8.6 Electrical Characteristics - 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 = 2.8V 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 =28V 200 300
Rpson) Low side MOSFET ON-resistance mQ
VINDCDC1 =35V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 HA
. for TPS65072, TPS65073, TPS650731,
ILimE Forward current limit TPS650732 0.8 11 15 A
ILivE Forward current limit for TPS65070 11 1.6 2.2 A
fs Oscillator frequency 1.95 2.25 2.55 MHz
Vout Fixed output voltage range Internal resistor divider, I1°C selectable 0.725 3.3 \%
For TPS65070, TPS65072 3.3
Vout Default output voltage \
For TPS65073, TPS650731, TPS650732 1.8
Vout DC output voltage accuracy; PFM mode® VlNDC_DC]; =VDCDC1 +0.3V10 6.3V, —2% 3%
OmMA=1p=06A
Vout DC output voltage accuracy; PWM mode VINDCDC1 = VDCDC1 +0.3 V10 6.3 V; -1.5% 1.5%
OmA=1,=06A
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 506
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 pH, Coyt = 10 pF
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8.7 Electrical Characteristics - DCDC2 Converter

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vvinocoe Input voltage range Connected to SYS pin 2.8 6.3 \Y
2
. TPS65072/73/731/732 ) 600
lo Maximum output current Vin>28V mA
TPS65070 1500
o i VINDCDC2 = 2.8 V 150 300
Rpson) High side MOSFET ON-resistance mQ
VINDCDC2 =35V 120 200
ILn High side MOSFET leakage current VINDCDC2 =6.3V 2 HA
. . VINDCDC2 = 2.8V 200 300
Rpson) Low side MOSFET ON-resistance mQ
VINDCDC2 =3.5V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 HA
| E q limit TPS65072/73/731/732 2BV <V 63V 08 1.1 15 A
orward current limi 8V< <6.
HME TPS65070 npepez 21 24 35
fs Oscillator frequency 195 225 255| MHz
Vout Adjustable output voltage range External resistor divider 0.6 Vin \%
Vief Reference voltage 600 mV
" Internal resistor divider, 1°C
Vout Fixed output voltage range selectable (Default setting) 0.725 33 \%
For DEFDCDC2 = LOW 1.8
Default output voltage for TPS65070, TPS650732,
For DEFDCDC2 = HIGH 3.3
Vout \%
For DEFDCDC2 = LOW 1.8
Default output voltage for TPS65072
For DEFDCDC2 = HIGH 25
For DEFDCDC2 = LOW 1.2
Vout Default output voltage for TPS65073, TPS650731 \%
For DEFDCDC2 = HIGH 1.8
DC output voltage accuracy; PFM mode @ 2% 3%
VINDCDC2 =28V 10 6.3V, A —
DC output voltage accuracy; PWM mode @ OmA=Ilp=15A _1(')5 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 2.8V)106.3V;0mA =1lo=15A -1% 1%
AVour Power save mode ripple voltage lout = 1 mA, PFM mode® 40 \V/
) Time from active EN to Start
tstart Start-up time switching 170 us
i 0, 0,
tramp Vour ramp up time ;I'/lme to ramp from 5% to 95% of 250 us
out
Power good threshold rising voltage Vo-
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 pH, Coyt = 10 pF
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8.8 Electrical Characteristics - DCDC3 Converter

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Vvinoeoe Input voltage range Connected to SYS pin 2.8 6.3 \Y
3
lo Maximum output current TPS65072, Vin >2.8V 600 mA
. TPS65070, TPS65073, TPS650731, .
lo Maximum output current TPS650732 Vin>28V 1500 mA
. . . VINDCDC3 =2.8V 150 300
Rpson) High side MOSFET ON-resistance mQ
VINDCDC3 =3.5V 120 200
ILn High side MOSFET leakage current VINDCDC3 =6.3V 2 HA
. . VINDCDC3 =28V 200 300
Rpson) Low side MOSFET ON-resistance mQ
VINDCDC3 =35V 160 180
I Low side MOSFET leakage current Vps = 6.3V 1 HA
ILimE Forward current limit TPS65072 2.8V < Vi\pepes < 6.3V 0.8 1.1 15 A
ILvE Forward current limit TPS65070/73/731/732 2.8V <Vinpcpes < 6.3V 21 24 35 A
fs Oscillator frequency 195 225 255| MHz
Vout Adjustable output voltage range External resistor divider 0.6 Vin \%
Viet Reference voltage 600 mvV
. Internal resistor divider, IC
Vout Fixed output voltage range selectable (Default setting) 0.725 3.3 \
For DEFDCDC3 = LOW 1
Vout Default output voltage for TPS65070 \%
For DEFDCDC3 = HIGH 1.2
For DEFDCDC3 = LOW 12
Vout Default output voltage for TPS65072 \%
For DEFDCDC3 = HIGH 1.4
For DEFDCDC3 = LOW 1.2
Vout Default output voltage for TPS65073, TPS650731, TPS650732 \%
For DEFDCDC3 = HIGH 1.35
v DC output voltage accuracy; PFM mode ) VINDCDC3 = 2.8 VV 10 6.3 V: 2% 3%
out DC output voltage accuracy; PWM mode @ OmA=Ilp=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 2.8V)106.3V;0mA=1lo=15A -1% 1%
AVour Power save mode ripple voltage lout = 1 mA, PFM mode® 40 \V/
) Time from active EN to Start
tstart Start-up time switching 170 us
i 0, 0,
tramp Vour ramp up time ;I'/lme to ramp from 5% to 95% of 250 us
out
Power good threshold rising voltage Vo-
5%
Power good threshold falling voltage Vo-
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 pH, Coyt = 10 pF
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8.9 Electrical Characteristics - 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
Vipo1 LDO1 default output voltage For TPS65072 1.2 v
Vipor  LDOZ1 default output voltage For TPS65070, TPS65073, TPS650731, TPS650732 1.8
Vipo2 LDO2 default output voltage For TPS65070 12 \%
Vi po2 LDO2 default output voltage For TPS65072 1.2 \
Vipoz  LDO2 default output voltage For TPS65073, TPS650731, TPS650732 1.8 \Y
lo Output current for LDO2 200 mA
Isc LDO1 short circuit current limit Vi po1 = GND 400 mA
Isc LDO2 short circuit current limit Vipo2 = GND 400 mA
Minimum voltage drop at LDO1 lo =100 mA, Viyipo = 3.3V 150 mvV
Minimum voltage drop at LDO2 lo =100 MA, Vinpo = 3.3V 150 mV
Output voltage accuracy for LDO1, LDO2 I\I/_Ilr?C:)leultOJE) ;gg;*l_\?oz =100 mA; -1% 1.5%
Line regulation for LDO1, LDO2 I\fgg‘ilﬁ ;o\(/)Lﬁqul';ﬂLgo'oSzV:(T()ig'anB V)0 65V, -1% 1%
Load regulation for LDO1, LDO2 lo =1 mA to 200 mA -1% 1%
Load regulation for LDO1, LDO2 lo<1mA;Vo<1V —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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8.10 Electrical Characteristics - WLED 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) Isink1 = 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 A
ILN_NFET N-channel leakage current Vps =25V, Ty =25°C 1 HA
Switching frequency 1.125 MHz
x::t; mg;rgtjggjgﬁgﬁ drop at Isink pin to GND for 400 mv
Viser ISET pin voltage 1.24 \%
Kiset Current multiple lout/Iset Iset current = 15 pA 1000
Iset current = 25 pA 1000
s, Mini‘mum current ifuo ISINK1, ISINK2 pihs F<'3r 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 Isinkl and isink2 ;;erz]li:g%k; Isinkl =25 mA, Vin = 3.6 V; no PWM 5%
Current difference between Isink1 and Isink2 E;eﬁ: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%

8.11 Electrical Characteristics - 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> 400
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
ViH High level input voltage on pin POWER_ON 1.2 Vin \%
Viu High level input voltage on pin PB_IN 1.8 AVDD6 \%
Vi Low Level Input Voltage, PB_IN, Power_on 0 0.4 \%
Internal pullup resistor from PB_IN to AVDD6 50 kQ
Output current at AVDD6 1 mA
Iin Input bias current at Power_on 0.01 1 HA
VoL Eﬁls_e-Et,X?EBCC))UT, PGood, INT output low voltage, loL = 1 MA, Vthreshold < 1 V 0.3 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 Sft?)itf iEaT;]L:;pPeﬁgr?gé ISl\tl;:pen—drain 0.25 PA
Vi Threshold voltage at THRESHOLD pin Input voltage falling —4% 1 4% \%
Vin_nyst Hysteresis on THRESHOLD pin Input voltage rising 7 mV
lin Input bias current at EN_wLED, THRESHOLD 1 HA
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8.12 Electrical Characteristics - ADC Converter

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
l(ZEEExglltg%i ::ah?niglt éA‘)D—lNl 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_Itage 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 us
Conversion time 19 us
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
8.13 Electrical Characteristics - 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 WA
8.14 Electrical Characteristics - Power Path
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
QUIESCENT CURRENT
lospp1 Quiescent current, AC or USB mode ngg ;nttg\,?\sc or USB, AC or USB selected, 20 HA
INPUT SUPPLY
Vear ('\J"p'g'rr;‘t‘l‘;‘] battery voltage for BAT SWITCH No input power, BAT_SWITCH on 2.75 v
AC detected when V(AC)-V(BAT) > VIN(DT) ;
VIN@pr) Input voltage detection threshold USB detected when 150 mvV
V(USB)-V(BAT) > VIN(DT)
AC not detected when V(AC)-V(BAT) <
VINNoT) Input Voltage removal threshold VIN(NDT) ; USB not detected when 75 mV
V(USB)-V(BAT) < VIN(NDT)
IbiscH Internal discharge current at AC and USB input gﬁtg?:g gﬁsfd on settings in CHGCONFIG3 95 uA
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Electrical Characteristics - Power Path (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

ToeLoT) Power detected deglitch AC or USB voltage increasing 225 ms
VINovp) Input over voltage detection threshold 5.8 6 6.3 \Y
POWER PATH TIMING
Tsw(acsar) Switching from AC to BAT No USB, AC power removed 200 us
Sw(usgsaT) T Switching from USB to BAT No AC, USB power removed 200 us
Tsw(pseL) Switching from USB to AC 12C 150 us
Tsw(acuss) Switching from AC/ USB, USB / AC AC power removed or USB power removed 200 us
Tsysok SYS power up delay FI\J/IOe\;I;J_Lepde;%Te%%\ger applied to start of 11 ms
POWER PATH INTEGRATED MOSFETS CHARACTERISTICS

AC Input switch dropout voltage (ILIMITpc set =25 AI(SYS) =1 A) 150 mvV

USB input switch dropout voltage :t:m:%ig z ggg mﬁ :gzgg : ggg mﬁ igg mv

Battery switch dropout voltage V(BAT)=3.0V,I(BAT)=1A 85 100 mvV
INPUT CURRENT LIMIT
luse100 Input current limit; USB pin USB input current [0,0] 90 100 mA
lusesoo 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
lacs00 Input current limit; AC pin AC input current [0,1] 450 500 mA
la1300 Input current limit; AC pin AC input current [1,0] 1000 1300 mA
Iac2s00 Input current limit; AC pin AC input current [1,1] (default) 1900 2500 mA
POWER PATH SUPPLEMENT DETECTION PROTECTION AND RECOVERY FUNCTIONS
Vasup1 Enter battery supplement mode AC input current set to 10: 1.3A Vour = VgAan\_/
Vasup2 Exit battery supplement mode Vour = VEA;]\_/
Vsvs(sci) Sys short-circuit detection threshold, power-on C!YZ?SV:; path switches set to OFF if V Vsys < 1.4 1.8 2 \Y

Short circuit detection threshold hysteresis 50 mvV
ReLtac) Sys Short circuit recovery pullup resistors ggizr?feille&esilsgoers?g:nected from AC to SYS; 500 Q
ReLtuss) Sys Short circuit recovery pullup resistors g;zr()r;gle(rjes;sgoersti:ggnected from USB to SYS; 500 Q
w0 a0 a0
toeL(sc2) Deglitch time, supplement mode short circuit 120 us
tReC(sC2) Recovery time, supplement mode short circuit 60 ms
VBat(sc) BAT pin short-circuit detection threshold 1.4 1.8 2 \Y
IzaT(sc) Source current for BAT pin short-circuit detection 7.5 11 mA
DPPM LOOP®

Threshold at which DPPM loop is lenabled. This is Set with Bits 35
Voru  or AC wich reaches cunent Imit and the charging | <FOWerPath DPPI threshold1> iz v

current is reduced; Selectable by 12C 4.50

(1) Ifthe 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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8.15 Electrical Characteristics - Battery Charger

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
CHARGER SECTION
Battery discharge current 2 A
. o -1% 4.10 1%
Depending on setting in CHGCONFIG2
V, Battery charger voltage And internal EEPROM % 415 1% v
o(BATREG) y charg 9 Default = 4.20 V (except TPS650721) 1%  4.20 1%
Default = 4.10 V (for TPS650721)
-1% 4.25 1%
- default = 2.9 V set with 2.9
Viowv Precharge to fast-charge transition threshold Bit <Precharge Voltage> 25 \
t Deglitch time on precharge to fast-charge 25 ms
DGLLLOWY) transition
t Deglitch time on fast-charge to precharge 25 ms
DGL2(LOWY) transition
Icha Battery fast charge current range ;/E{’;“REG) > Veat > Viowv: Vin = Vac OF Vuse = 100 1500 mA
Veat > Viowy, Vin =5V, linmax > e, no load
Iche Battery fast charge current on SYS pin, thermal loop not active, DPPM Kiset/RiseT A
loop not active
KiseT Fast charge current factor for a charge current of 1500 mA 820 950 1080 AQ
Kiset Fast charge current factor for a charge current of 100 mA 890 1050 1200 AQ
IpreCHG Precharge current 0.06x 0.1x  0.14x A
IcHe IcH lche
| Charge current value for termination detection 0.08x 0.1x 0.13x A
TERM threshold (internally set) lene lehe lche
toGL(TERM) Deglitch time, termination detected 25 ms
VReH Recharge detection threshold Voltage below nominal charger voltage 150 100 65 mV
toGL(RCH) Deglitch time, recharge threshold detected 125 ms
. . VBAT = 3.6V. Time measured from
toeL(No-IN) Delay time, input power loss to charger turn-off VIN: 5V — 3.3V 1ys fall-time 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
B active selectable by 12C with Bits 5
Tche Charge safety timer <ChargeSafetyTim><;rVaIuel> -15% 6 15% h
<ChargeSafetyTimerValue0> 8
Pre charge timer range, thermal and 25 30 35
TprRECHG Precharge timer DPM/DPPM loops not active scalable with 50 60 70 min
<Precharge Time>
T Precharge safety timer “add-on” time range Maximum value for precharge safety time;r, 0 2xT, h
PCHGADD thermal, DPM or DPPM loops always active CHG
BATTERY-PACK NTC MONITOR
R Pullup resistor from thermistor to Internal LDO . | 10 k curve 2 NTC —2% 7.35 2% kQ
™ 12C selectable 100 k curve 1 NTC 2% 625 2%| ke
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
Veolp Low temperature trip point (set to 0°C) Battery charging 1660 mV
Viys(coLp) Hysteresis on low trip point (set to 3°C) Battery charging 50 mV
VioNTC No NTC detected NTC error 2000 mV
Deglitch time for thermistor detection after
THruoLy thermistor power on 3 ms
toeL(Ts) Deglitch time, pack temperature fault detection Battery charging 50 ms
THERMAL REGULATION
Tireo) Temperature regulation limit If temperature is exceeded, charge current is 115 125 135 o
reduced
TyoFF Charger thermal shutdown 155 °C
T0FF-HYS) Charger thermal shutdown hysteresis 20 °C
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8.16 Timing Requirements®

MIN MAX| UNIT
fmax Clock frequency 400 | kHz
twH(HIGH) Clock high time 600 ns
twLLow) Clock low time 1300 ns
tr SDAT and CLK rise time 300 ns
tr SDAT and CLK fall time 300 ns
th(sTA) Hold time (repeated) START condition (after this period the first clock pulse is generated) 600 ns
tsu(sTA) Setup time for repeated START condition 600 ns
th(spaT) Data input hold time 0 ns
tsu(spaT) Data input setup time 100 ns
tsusTo) STOP condition setup time 600 ns
t@BUF) Bus free time 1300 ns

(1) Note: Rise and fall time tg and tg for the SDAT and CLK signals are defined for 10% to 90% of V(INT-LDO) which is 2.2 V

8.17 Dissipation Ratings®

PACKAGE R Ta =25°C DERATING FACTOR Tp =70°C Ta =85°C
QR POWER RATING ABOVE Ty = 25°C POWER RATING POWER RATING
RSL 37 KIW 26 W 26 mW/K 1.48 W 1w
(1) The thermal resistance Rg;p junction to thermal pad of the RSL package is 1.1 K/W. The value for Ry;a was measured on a high K
board.
r——n~ r—™—/"1 r——n r— =
| [ ! | | | |
| | | | | | | |
I T I == T I I T
DATA 4 ! / x | | | |
I f - ! - A
ol ' | o Lo
| e | rtI(BUF) ! | AN T
| I ﬁ—Vlt(LOW) ' | DT th(sTa) I
| e : D | o o
| o |'|4."_t': —> g Pro Lo
! | - :
| PN ! ! | | o o
CLK I ' . | o L
| b I 1t Lo o= =r P
| TR thsTa) | (HIGH) TR < 11 tsuETAy T tsusTo) — ¢ |
Lt LI —» 4— th(DATA) —H 4—tgy(DATA) L - ! L1
STO STA STA STO
Figure 1. Serial Interface Timing Diagram
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8.18 Typical Characteristics

Table 1. Table of Graphs
FIGURE
Efficiency DCDCL1 vs Load current / PWM mode Vo=33V;V,=3V,36V,42V,5V Figure 2
Efficiency DCDCL1 vs Load current / PFM mode Vo=33V;V,=3V,36V,42V,5V Figure 3
Efficiency DCDC2 vs Load current / PWM mode up to 1.5A Vo=25V;V,=3V,36V,42V,5V Figure 4
Efficiency DCDC2 vs Load current / PFM mode up to 1.5A Vo=25V;V,=3V,36V,42V,5V Figure 5
Efficiency DCDC2 vs Load current / PWM mode up to 1.5A Vo=18V;V,=3V,36V,42V,5V Figure 6
Efficiency DCDC2 vs Load current / PFM mode up to 1.5A Vo=18V;V,=3V,36V,42V,5V Figure 7
Efficiency DCDC3 vs Load current / PWM mode up to 1.5A Vo=12V;V,=3V,36V,42V,5V Figure 8
Efficiency DCDC3 vs Load current / PFM mode up to 1.5A Vo=12V;V,=3V,36V,42V,5V Figure 9
Efficiency DCDC3 vs Load current / PWM mode up to 1.5A Vo=1V;V,=3V,36V,42V,5V Figure 10
Efficiency DCDC3 vs Load current / PFM mode up to 1.5A Vo=1V;V,=3V,36V,42V,5V Figure 11
Load transient response converter 1 Scope plot; Io=60 mAto 540 mA; Vo =3.3V;V,=36V Figure 12
Load transient response converter 2 Scope plot; Io= 150 mA to 1350 mA; Vo =1.8V;V,=3.6V Figure 13
Load transient response converter 3 Scope plot; Io= 150 mA to 1350 mA; Vo =1.2V;V,=3.6V Figure 14
Line transient response converter 1 Scope plot; Vo=3.3; V,=3.6 Vo 5V t0 3.6 V; Io= 600 mA Figure 15
Line transient response converter 2 Scope plot; Vo=1.8; V,=3.6 Vo 5V t0 3.6 V; Io = 600 mA Figure 16
Line transient response converter 3 Scope plot; Vo =1.2V; Vi=3.6 Vo5V 10 3.6 V; o =600 mA | Figure 17
Output voltage ripple and inductor current converter 2; Scope plot; V, = 3.6 V; Vo=1.8 V; Ig = 10 mA Figure 18
PWM Mode
Output voltage ripple and inductor current converter 2; Scope plot; V, = 3.6 V; Vo=1.8 V; Ig = 10 mA Figure 19
PFM Mode
Startup DCDC1, DCDC2 and DCDC3, LDO1, LDO2 Scope plot Figure 20
Load transient response LDO1 Scope plot; Vo= 1.2 V; V|=3.6 V Figure 21
Line transient response LDO1 Scope plot Figure 22
KseT VS RiseT Figure 23
WLED efficiency vs duty cycle 2 X 6LEDs (VLED=19.2 V); Io= 2x20 mA Figure 24
WLED efficiency vs input voltage 2 X 6LEDs (VLED=19.2V); Io= 2x20 mA Figure 25
100 ———rrrm— 100 — —
90| :Sv;?;wso:e 7o 90 Pl e R
w0l 2 b /7’/ . ), ?’ sv| 3.6V 45y
70 "L“{ ) 70
® 60 2 I /Z ® 60| /
; " oy
_5 50 < 50'
g N/
w w
30 30
2 20 Vo=33V, T
10 A 10 ;’;’Vg' Mode |||
A 0 L1 L1
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 0.1 1 10
lg - Output Current - A lp - Output Current - A
Figure 2. Efficiency DCDC1 vs Load Current/PWM Mode Figure 3. Efficiency DCDCL1 vs Load Current/PFM Mode
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Figure 4. Efficiency DCDC2 vs Load Current/PWM Mode
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Figure 5. Efficiency DCDC2 vs Load Current/PFM Mode
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Figure 6. Efficiency DCDC2 vs Load Current/PWM Mode
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Figure 7. Efficiency DCDC2 vs Load Current/PFM Mode
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Figure 8. Efficiency DCDC3 vs Load Current/PWM Mode
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Figure 9. Efficiency DCDC3 vs Load Current/PFM Mode
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Figure 10. Efficiency DCDC3 vs Load Current/PWM Mode
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v 1

Vout DCDC1 (Offset: 3.3 V)

ILoaq DCDCT;

"Vjy DCDC3 = 3.6V,
Load = 60 mA - 560 mA - 60 mA
TR0y B WM T00ps T £ 276mA

Figure 12. Load Transient Response Converter 1

Figure 11. Efficiency DCDC3 vs Load Current/PFM Mode

L

'Vour DCDC2 (Offset: 1.8 V) ..

[ 1 oaq DCDC2

ViyDCDC3=3.6V,
Load mA - 1350 mA - 150 mA

EM T00us 1T F a20mA

Figure 13. Load Transient Response Converter 2

Vout DCDC3 (Offset: 1.2 V)

I oag DCDC3

V;yDCDC3=3.6V,
Load = 150 mA - 1350 mA - 150 mA

M T000s T F S00mA

Figure 14. Load Transient Response Converter 3

" Vour DCDCA (Offset: 3.25V)

v,y DCDC1 (Offset: 3 V)

b L Vy=36V-5V-36V,. ]
: Load=0.6 A
Thi— 10V TR LW 1000 Chi # §.22V

Figure 15. Line Transient Response Converter 1

Copyright © 2009-2018, Texas Instruments Incorporated

Submit Documentation Feedback 21

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



TPS65070, TPS65072

TPS65073, TPS650731, TPS650732
SLVS9501 —JULY 2009—REVISED MAY 2018

13 TEXAS
INSTRUMENTS

www.ti.com

[

Vout DCDC2 (Offset: 1.75 V)

"'Vjy DCDC2 (Offset: 3 V)

(I
Ly ViN=3.6V-5V-36V,
: Load=15A
ThT T.00V M T00ps Chi 4 4.22V

Figure 16. Line Transient Response Converter 2

Vout DCDC3 (Offset: 1.16 V).

V,y DCDCS3 (Offset: 3 V) -

= VIy=3.6V-5V-3.6V, .
-Load =1.5A

70V W T00ps Chi F  4.76V

L

Vout DCDC2 (Offset: 1.78 V)

I DCDC2

ViN=36V,

Load = 200 mA PWM

Figure 18. Output Voltage Ripple and Inductor Current

W 250Rs T GomA

Converter 2 — PWM Mode

Figure 17. Line Transient Response Converter 3

- Vout DCDC2 (Offset: 1.8 V)

L DCDC2

S VN=36V,
Load = 15 mA PFM

WS T 60mA
Figure 19. Output Voltage Ripple and Inductor Current
Converter 2 — PFM Mode

o
Vout DCDCH,
' (LOAD: 100 mA)

. Voyr DCDC2,
(LOAD: 100 mA)

Vout DCDC3 (LOAD: 100 mA) /

w
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Vour LDO2 (LOAD: 50 mA) : / :

V=36V

ch3
Refl |

o0V
100V

1.00¥

i 2005 Chi 7100V

20048
Figure 20. Startup DCDC1, DCDC2, AND DCDC3, LDO1,

LDO2

L 1

Vout LDO1 (Offset: 1.8 V)

Vpae = Vi LDO1=3.6V,
LOAD = 20 mA - 180 mA ™"

I_oap LDO1

M OT00Ms (10 100mA

Figure 21. Load Transient Response LDO1

22 Submit Documentation Feedback

Copyright © 2009-2018, Texas Instruments Incorporated

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS
INSTRUMENTS TPS65070, TPS65072
TPS65073, TPS650731, TPS650732

www.ti.com SLVS9501 —JULY 2009—REVISED MAY 2018

e 1200
Vpat =5V,
. V|yLDO1:3.6V-5V-3.6V, TR
LOAD =40 mA 1150 y
; /
Vout LDO1 (Offset: 1.8 V]
out (Offse ) 1100
SUE TURUE U R =<§1oso //
V| LDO1 (Offset: 3V
IN ( ) )
’ /
I[ 1000 A
/|
//
950 A
/"/
7
ChT 1.00V [ 10.00v & M T00Hs ChiJ  4.76V 900
0.1 1 10 100
Rlset -kQ
Figure 22. Line Transient Response LDO1 Figure 23. Kset VS Riset
100 — 100 ‘ ;
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2x6 LEDs 1009 1
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- -
2 :
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0 0
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Figure 24. wLED Efficiency vs Duty Cycle Figure 25. wLED Efficiency vs Vin

9 Parameter Measurement Information

The data sheet graphs were taken on the TPS6507x evaluation module (EVM). Refer to the TPS6507xEVM
user’s guide for the setup information.
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10 Detailed Description

10.1 Overview

This section provides a description of each of the individual block that are featured in the TPS6507x device. The
device is great for a variety of applications for it has a configurable battery charger, 3 DC-DC step-down
converters, 2 LDOs, and 2 string wLED boost and sink control. In addition to the digital logic power goods and
interrupts of the device, the device has a 4-channel ADC or touch screen interface. The device has I2C and
hardware enable pin controls for a flexible PMU interface.

10.2 Functional Block Diagram
AC
o 1, sYs
A
UsB I Ll sYs f 22 uF
uss
M‘FL AVDD6 =
I
Iset I Batt a7
L awien 2 I
Charger/power path mgmt I Batt J =
I T 1opF 1=
j— '
= I Ts =
I i INT_LDO =
— INTERNAL BIASING @ 1
boang T
AD_IN1 V_SYS -
AD_IN2 V_BAT_SNS =
Aot 10 BIT SAR
= -
— State
AD_INS machine
INT_
PB_IN I
el ON/OFF circuitry / power good logic : PB_OUT
undervoltage lockout ';ﬁ 600D
N I 2.2 uH
L AYAYAA
VI/O
VIN.DCDC12_ 4 DCDC1 : VDCDC1 [ - -
STEP-DOWN CONVERTER Im F
u
EN_DCDC1 600mA L PGND1 L
L, = 22uH
Ly — _/ VYV -+ Vmem
DEFDCDC2 DCDC2 t: VDCDC2 T
1 STEP-DOWN CONVERTER Iw uF
EN_DCDC2 :I: 600mA/ 1500mA :[: PGND2/PAD L
‘TL 2.2 puH
VIN_DCDC3 L3 Veore
DEFDCDC3 m DCDC3 t: vDCDC3 L
STEP-DOWN CONVERTER I1 0 uF
EN_DCDC3 - , 600mA / 1500mA PGND3/PAD W
Sequencing —1 =
VINLDO1/2 % =
Lt LDO1 [ Yot - VLDO1
EN_LDO1(I2C) 200mA LDO IZ.Z uF
e VLDO2
EN_LDO2(I2C) LDO2 Lel 1
200mALDO I
2.2 uF
L4 =
SYS fW\/\_D I % .
L, FB_wLED
i A AN iset!
WLED boost
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—AAN—E22 up to 25mA per string
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10.3 Feature Description

10.3.1 Battery Charger and Power Path

The TPS6507x integrates 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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Feature Description (continued)
10.3.2 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 V,, o. During the power down mode the host commands at the control pins are not
interpreted.

10.3.3 Power-On Reset

The charger resets when the input voltage at the AC or USB pin enters the valid range between Vo and
Vovio. 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.

10.3.4 Power-Path Management

There are two inputs to the power path called AC and USB. Both inputs support the same voltage rating but are
typically set to a different current limit with AC beeing at the higher limit and USB at the lower. If voltage is
applied at both inputs and both are enabled in register PPATH1 (default setting), AC will be preferred over USB.
In this case, the deivce is only powered from AC and there is no current from USB. If voltage at AC is removed,
the USB input will become and TPS6507x is powered from USB. 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. See the electrical characteristics or the register desciption for the default current
limit on AC and USB for the different family members.

Figure 27 illustrates what happens in an example case where the battery fast-charge current is set to 500 mA,
the input current limit is set at 900 mA and the system load varies from 0 to 750 mA.

7OmMAF — - ———— — — —

A AN

1
1
< 500 mA \ /7
- 1
150 MAL — — — — — — .
1 r
1 1

IIN-MAX -
900 mA ' / \
£ 500 mA

Figure 27. Power Path Functionality

lout

10.3.4.1 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 30-
mA current source until the voltage reached 1.8 V. During the soft start, the SYS pin must not be loaded by an
external load.

10.3.5 Battery Charging

When Bit CHARGER ENABLE in register CHGCONFIGL1 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 precharge, 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 28 shows what happens in each of the three phases.
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Feature Description (continued)
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Figure 28. Battery Charge

In the precharge phase, the battery is charged at a current of lprecyg. The battery voltage starts rising. Once the
battery voltage crosses the V| oy 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 Vy. ow loop.

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
Icne = Kiser / Riser (1)
Riser = Kiser / lens 2
Note that if Icyg iS programmed as greater than the input current limit, the battery will not charge at the rate of

lche, but at the slower rate of Iy.uax (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.

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

10.3.5.2 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.

10.3.5.3 Battery Detection and Recharge

Whenever the battery voltage falls below Vi (Vset-100 mV), 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.

Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 27
Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS

TPS65070, TPS65072 INSTRUMENTS
TPS65073, TPS650731, TPS650732
SLVS950I —JULY 2009—REVISED MAY 2018 wWww.ti.com

Feature Description (continued)

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 lprechg Out of the BAT
pin for duration tpey. 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, lgarper) 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.

10.3.5.4 Charge Termination On/Off

Charge termination can be disabled by setting the Bit CHARGE TERMINATION ON/OFF in register
CHGCONFIG1 to logic high. When termination is disabled, the device goes through the precharge, fast-charge
and CV phases, then remains in the CV phase — the charger behaves like an LDO with an output voltage equal
to Vear(rec), able to source current up to Icyg Or lin.wax, Whichever is lesser. Battery detection is not performed.

10.3.5.5 Timers

The charger in TPS6507x has internal safety timers for the precharge 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. (The timers are disabled when termination is disabled: Bit CHARGE
TERMINATION ON/OFF in register CHGCONFIG1 =1).

10.3.5.6 Dynamic Timer Function

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

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

« The device has entered thermal regulation because the IC junction temperature has exceeded T;reg)

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 29.
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Feature Description (continued)
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Figure 29. Thermal Loop
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10.3.5.7 Timer Fault

The following events generate a fault status:

» If the battery voltage does not exceed V owy in time tpreche during precharging

» If the battery current does not reach ltgry 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.

10.3.6 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 Vp5rs) (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 100-kQ curve 1 NTC by setting the Bit to O.

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 Table 15.
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Feature Description (continued)
10.3.7 Battery Charger State Diagram
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Figure 30. Charger State Machine
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Feature Description (continued)
10.3.8 DC-DC Converters and LDOs

10.3.8.1 Operation

The TPS6507x step down converters operate with typically 2.25-MHz 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).

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 through 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.

10.3.8.2 DCDC1 Converter

The output voltage for converter 1 is set to a fixed voltage internally in register DEFDCDCL1. The voltage can be
changed using the 12C interface. The default settings are given in Table 2.

Optionally the voltage can be set by an external resistor divider if configured in register DEFDCDC1.

10.3.8.3 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 through the DEFDCDC2 pin or optionally by changing the values in registers
DEFDCDC2_LOW and DEFDCDC2_HIGH. If pin DEFDCDC?2 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 DCDCS3 are:

Table 2. Default Voltages

DCDC1 DCDC2 DCDC3
DEFDCDC2=LOW DEFDCDC2=HIGH DEFDCDC3=LOW DEFDCDC3=HIGH
TPS65070 33V 18V 33V 1.0V 12V
TPS65072 33V 18V 25V 1.2V 1.4V
TPS65073 18V 12V 18V 1.2V 135V
TPS650731 18V 12V 18V 1.2V 135V
TPS650732 18V 18V 33V 1.2V 135V

10.3.8.4 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 through the DEFDCDC3 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.

Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 31
Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS

TPS65070, TPS65072 INSTRUMENTS
TPS65073, TPS650731, TPS650732
SLVS950I —JULY 2009—REVISED MAY 2018 wWww.ti.com

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

10.3.9 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 Voytnomina 71%, 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 19-pA 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 19 pA.

The power save mode can be disabled through the I12C 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.

10.3.9.1 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 o

Vout (PWM)

moderate to heavy load -
PWM Mode

Figure 31. Power Save Mode
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10.3.9.2 100% 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:
ViNgin = VOUtya + 10Ut X (RDSON. + RY)

where
e lout,, = maximum output current plus inductor ripple current
* RDSoON,, = maximum P-channel switch RDSon
* R, = DC resistance of the inductor
« Vout,, = hominal output voltage plus maximum output voltage tolerance )

10.3.9.3 Undervoltage Lockout

The undervoltage lockout circuit prevents the device from malfunctioning at low input voltages and from
excessive discharge of the battery and disables the DC-DC converters and LDOs. The undervoltage lockout
threshold is configurable in the range of typically 2.8 V to 3.25 V 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 V with 500-mV hysteresis.

10.3.10 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.

10.3.10.1 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 nhominal value within typical 250 ps. 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 32.
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Figure 32. Soft Start
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10.3.11 Enable

To start up each converter independently, the device has a separate enable pin for each of the DC-DC
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_DCDC3 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 DC-DC converters are pulled low by
internal 250-Q 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 DC-DC converters and both LDOs available. Bits DCDC_SQJ0..2]
in register CON_CTRL1 define the start-up and shut-down sequence for the DC-DC 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 CON_CTRL1. Register Address: ODh and LDO_CTRL1. Register Address: 16h.

10.3.11.1 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 pullup 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. For devices that are configured with EN_wLED input, the reset output should be left open.

Vbat

%THRESHOLD A
% delay

9Vref=1v

1 /RESET

Vbat
THRESHoLD Y - L —— o

comparator“
output (internal)

TRESET

RESET 1

[ ] ;

Copyright © 2016, Texas Instruments Incorporated

Figure 33. Reset Timing

10.3.11.2 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 for
example, 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 Default Settings.
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10.3.11.3 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 >50 ms (debounce time)
AND the output voltage of the power path manager is above the undervoltage lockout voltage (AVDD6 > 3 V).
This is for Vbat>3 V OR VAC>3 V OR VUSB>3 V. The default voltage for the undervoltage lockout voltage can
be changed with Bits <UVLO1>, <UVLOO> 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 V. This is the case when either the battery voltage drops below 3 V
or the input voltage at the pins AC or USB is below 3 V. 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 15-s timer which will drive PGOOD=LOW for 0.5 ms when 15 s are expired. The 15-
s timer is enabled again when PB_IN is released HIGH. If PB_IN is pulled LOW for 30 s continuously, PGOOD
will be driven LOW only once after the first 15 s. When PGOOD is driven LOW due to PB_IN=low for 15 s, all
registers in TPS6507x are set to their default value. See Figure 34.

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=1 &&
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 34. State Machine
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10.3.11.4 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 50-ms debounce). If PB_IN=HIGH, PB_OUT= high
impedance (HIGH).

The pullup 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.

10.3.11.5 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 DC-DC converters and LDOs according to the
sequence programmed. See Figure 34.

10.3.11.6 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.

10.3.11.7 EN_EXTLDO (TPS65072 Only)

The EN_EXTLDO pin will go high during start-up 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_SQI[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 Application and Implementation for the timing diagrams.

10.3.12 Short-Circuit Protection
All outputs are short-circuit protected with a maximum output current as defined in the electrical specifications.

10.3.13 Thermal Shutdown

As soon as the junction temperature, T,, exceeds typically 150°C for the DC-DC 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.

10.3.13.1 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 1.8 V. The LDOs offer a maximum dropout voltage of 200
mV at rated output current. Each LDO supports a current limit feature. LDO2 is enabled internally using Bit
ENABLE_LDOZ2 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 DEFLDO2.

LDOL1 is enabled internally using Bit ENABLE_LDOZ1 in register CON_CTRL1. The output voltage for LDOL1 is
defined by the settings in register LDO_CTRL1 can also be enabled automatically depending on the settings in
register LDO_CTRL1.

10.3.13.2 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
internal current sink at pins Isinkl and Isink2. The maximum current through the current sinks is set with two
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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 37 V typically. The output voltage at FB_ WLED also has a lower limit
which is set to 12 V. In case less than 4LEDs are used, the output voltage at the boost converter will not drop
below 12 V but the voltage from ISINK1 and ISINK2 to GND is increased accordingly.

10.3.13.3 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 SYS output

» Input voltage of battery charger

» Battery temperature

» Battery charge current (voltage at pin Iset; Icharge = U;ggr/Rset x Kiger)

» External voltage 1 to external voltage 4 (AD_IN1 to AD_IN4); 0V to 2.25 V

» Optionally: External voltage 5 to external voltage 7 (AD_IN5 to AD_IN7); 0 Vto 6 V
» Internal channel AD_IN14 and AD_IN15 for touch screen measurements

The A/D converter uses an internal 2.26-V reference. The reference needs a bypass capacitor for stability which
is connected to pin BYPASS. The pin can be used as a reference output with a maximum output current of 0.1
mA. The internal reference voltage is forced to be on when the ADC or the touch screen interface is enabled.
The reference voltage can additionally forced to be on using Bit Vref_enable in register ADCONFIG while ADC
and touch screen are off to allow external circuits to be supplied with a precise reference voltage while ADC and
touch screen are not used.

10.3.13.4 Touch Screen Interface (only for TPS65070, TPS65073, TPS650731, TPS650732)

The touch screen itself consists of two parallel plates, called the X and Y plates, separated by short distance;
contact is initiated by using a stylus or your finger. This action creates a series of resistances noted by RX1,
RX2, RY1, RY2 , and Rcontact, shown in Figure 36. The points shown in the diagram as TSX1, TSX2, TSY1 and
TSY2 are connected to the TPS6507x touch screen interface. The resistances RX1 and RX2 scale linearly with
the x-position of the point of contact, where the RY1 and RY2 resistances scale with the y-position. The Rcontact
resistance decreases as the pressure applied at the point of contact increases and increases as the pressure
decreases. Using these relationships, the touch screen interface can make measurements of either position or
pressure.
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Figure 35. Touch Screen

The touch screen interface consists of a digital state machine, a voltage reference, and an analog switch matrix
which is connected to the four wire resistive touch screen inputs (TSX1, TSX2, TSY1, TSY2) and an internal 10-
Bit ADC. The state machine controls the sequencing of the switch matrix to cycle through the three types of
measurement modes (position, pressure, plate resistance) and the low power standby mode. The separate
internal voltage reference (TSREF) is disabled in standby and off modes. The voltage is generated by an internal
LDO. lIts voltage is bypassed by a capacitor connected to pin INT_LDO. The state of the touch screen is
controlled by the TSC_M[2,0] Bits of the TSCMODE register (08h) as shown in Table 3. The touch screen
controller uses transfer gates to the internal ADC on input channels AD_IN14 and AD_IN15.

Table 3. TSC Modes

CONTROL MULTIPLEXER CONNECTIONS
MODE MEASUREMENT
TSC_M2 | TSC_M1 | TSC_MO TSX1 TSX2 TSY1 TSY2
TSREF GND ADC_IN3 ADC_IN4 .
0 0 0 PMOS NMOS TGATE TGATE X-Position Voltage TSY1
ADC_IN1 ADC_IN2 TSREF GND .
0 0 1 TGATE TGATE PMOS NMOS Y-Position Voltage TSX1
GND GND
0 1 0 TSREF TSREF NMOS NMOS Pressure Current TSX1 and TSX2
TSREF GND . . Plate X
0 1 ! PMOS NMOS HiZ HiZ Reading on ADC_IN14 Current TSX1
. . TSREF GND Plate Y
! 0 0 Hiz Hiz PMOS NMOS Reading on ADC_IN14 Current TSY1
TSREF TSREF GND GND
1 0 1 TGATE TGATE NMOS NMOS TSC standby Voltage TSX1 and TSX2
1 1 0 A/ID AID AID AID AD ADC used as stand alone
TGATE TGATE TGATE TGATE ADC using its analog inputs
1 1 1 OPEN OPEN OPEN OPEN Disabled (no interrupt) None

If the Touch screen multiplexer is set to disabled mode [111], touch to the screen will not be detected. Standby
mode is entered by setting TSC_M[2:0] to 101. When there is a touch, the controller will detect a change in
voltage at the TSX1 point and after a 8ms deglitch the INT pin will be asserted if the interrupt is unmasked in
register INT. Once the host detects the interrupt signal, will enable the ADC converter and set the TSC_M<2:0>
through the 1°C bus to select any of five measurements (position, pressure, plate) as shown in Table 4.
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Table 4. TSC Equations

MEASUREMENT CHANNEL EQUATION

X Plate resistance AD_IN14 Rx = VTSREF/ [(Vapc / 22k) x 150]

Y plate resistance AD_IN14 Ry = VTSREF / [(Vapc / 22k) x 150]

X position AD_IN14 Xpos = Rxa / (Ry1 + Ryz) = Ryo / RX
Ry2 = Vapc X R,/ VTSREF; Ry; = RX — Ry»
Xpos = ADRESULT / 1024

Y position AD_IN14 Ypos = Rya / (Ry1 + Ry2) = Ry2 / Ry
Ry2 = VADC X Ry/ VTSREF, Ryl = Ry - Ry2
Ypos = ADRESULT / 1024

Pressure AD_IN14 Rc = R — Rya//Ry2 — Ry1/IRy
R = VTSREF/ [(Vapc / 22K) x 150]
Ry1//Ry2 = RX X Xpgs X (1 = Xpos)
Ry1//Ry2 = RY X Ypos X (1 = Ypos)

10.3.13.4.1 Performing Measurements Using the Touch Screen Controller

To take measurements with the touch screen controller, the ADC has to be enabled and configured for use with
the touch screen controller (TSC) first. In case the TSC is planned to be operated interrupt driven, the TSC
needs to be in TSC standby mode per default. Only in TSC standby mode an interrupt is generated based on a
touch of the screen. The TSC should therefore be in this mode until a touch is detected. Afterwards, the TSC has
to be configured for x-position measurement followed by y-position measurement. Now, the TSC can be set to
TSC standby again to wait for the next touch of the screen. For a non-interrupt driven sequence, see TSCMODE.
Register Address: 08h (page 50) in the Registers section. A typical interrupt driven sequence is given below:

» Set TSCMODE to 101 to set TSC to TSC standby, so an interrupt is generated when the screen is touched

Set Bit AD enable = 1 to provide power to the ADC

Set input select for the ADC in register ADCONFIG to 1110 (AD_IN14 selected)

In register INT, set MASK TSC = 1 to unmask the interrupt on a touch of the touch screen

Read Bit TSC INT as it will be set after the TSC has been configured. Reading clears the interrupt.
After a touch was detected, an interrupt is generated by INT pin going LOW

Read Bit TSC INT to clear the interrupt

Set TSCMODE to 000 to select x-position measurement

Start an ADC conversion by setting CONVERSION START =1; wait until END OF CONVERSION =1
Read register ADRESULT_1 and AD_RESULT_2

Set TSCMODE to 001 to select y-position measurement

Start an ADC conversion by setting CONVERSION START =1; wait until END OF CONVERSION =1
Read register ADRESULT_1 and AD_RESULT_2

Set TSCMODE to 101 to set TSC to TSC standby again

TOADC TOADC

T[G AT:IE TSX1 TSY1 £

PMOS

Rx1 Ry1

TSREF

TSREF

Rx2 Ry2]

Tsx2 | TSY2 e

Y POSITION MEASUREMENT
Copyright © 2016, Texas Instruments Incorporated

X POSITION MEASUREMENT

Figure 36. Two Position Measurement
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Figure 37. Pressure Measurement

X PLATE RESISTANCE MEASUREMENT Y PLATE RESISTANCE MEASUREMENT
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Figure 38. Two Plate Resistance Measurement
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Figure 39. Touch Screen Standby Mode

10.4 Device Functional Modes

The device can be in an operational charge enabled mode or overvoltage protection mode. To allow for charging
the AC or USB must be with in the valid charging range which, is between the UVLO and OVP.
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10.5 Programming
10.5.1 1°C Interface Specification

10.5.1.1 Serial interface

The serial interface is compatible with the standard and fast mode 1°C specifications, allowing transfers at up to
400 kHz. The interface adds flexibility to the power supply solution, enabling most functions to be programmed to
new values depending on the instantaneous application requirements and charger status to be monitored. The
TPS6507x has a 7-Bit address: 1001000, other addresses are available upon contact with the factory. Attempting
to read data from register addresses not listed in this section will result in O0Oh being read out. For normal data
transfer, SDAT is allowed to change only when SCLK is low. Changes when SCLK is high are reserved for
indicating the start and stop conditions. During data transfer, the data line must remain stable whenever the clock
line is high. There is one clock pulse per Bit of data. Each data transfer is initiated with a start condition and
terminated with a stop condition. When addressed, the device generates an acknowledge Bit after the reception
of each byte. The master device (microprocessor) must generate an extra clock pulse that is associated with the
acknowledge Bit. The TPS6507x device must pull down the SDAT line during the acknowledge clock pulse so
that the SDAT line is a stable low during the high period of the acknowledge clock pulse. The SDAT line is a
stable low during the high period of the acknowledge-related clock pulse. Setup and hold times must be taken
into account. During read operations, a master must signal the end of data to the slave by not generating an
acknowledge Bit on the last byte that was clocked out of the slave. In this case, the slave TPS6507x device must
leave the data line high to enable the master to generate the stop condition.

All registers are set to their default value by one of these conditions:
» Voltage is below the UVLO threshold defined with registers <UVLO1>, <UVLOO0>
e PB_INis asserted LOW for >15s (option)

DATA /

| | |
| Data line | Change |
| stable; | ofdata |
| data valid , allowed |

Figure 40. Bit Transfer on the Serial Interface

-——— F—_——

B e NI

| S | P |
| | [ |
START Condition STOP Condition
Figure 41. START and STOP Conditions
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Programming (continued)

e WUALF A LA A LA AL

SDAT;' A6 | A5 [A4... A0[RW [ACK R7 | R6 | R5 |... RO|ACK D7 | D6 |D5[... DO|ACK F

|
0 |

ol
1ol

(I !
| l-¢——— Data ——p! Stop

! 0o o' ! 0
| | |
| | |
Start l4——— Slave Address——p 4¢—— Register Address—p
NOTE: SLAVE=TPS6507x

Figure 42. Serial Interface WRITE to TPS6507x

oo [4- AUFLA- AU DUE BT

SDAT} A6 |.. | A0 |R/W |ACK R7 |- | rRo |Ack| Y| A6 |. | Ao |RW |AcK| D7 |.. | DO |Ack {
| o o ol 1o |
Start | Lo . | | | Slave | Stop

Register Drives Master

l4— Slave Address —p! |l —»! l4—— Slave Address—p-lag— —lq— T
' o Address ' | theData ! Drives

ACK and Sto

NOTE: SLAVE=TPS6507x Regtea::ed P

a

Figure 43. Serial Interface READ from TPS6507x: Protocol A

o 4 AL AHUHBIBBHUEABH

SDAT—V: A6 |. | Ao [RwW|AcCK| | R7 |. | RO|ACK +—+ A6 |- | Ao [RwW |ACK| D7 |. | Do |AcCK {
| Lo | | | |
Start | 0 0 [ 0 | Stop Start 1 0 | Slave | Stop
| Lo ; [ | | € |
#— Slave Address—» 4— iZ%ISter—N r&— Slave Address—p-a— Drives_,. o Master__
X ress the Data | Drives

ACK and Stop

Figure 44. Serial Interface READ from TPS6507x: Protocol B
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10.6 Register Maps

Table 5. Register Summary

ADDRESS NAME SHORT DESCRIPTION
0x01h PPATH1 Power Path Controls
0x02h INT Interrupt Reporting and Masking
0x03h CHGCONFIGO Battery Charger Configuration
0x04h CHGCONFIG1 Battery Charger Configuration
0x05h CHGCONFIG2 Battery Charger Configuration
0x06h CHGCONFIG3 Battery Charger Configuration
0x07h ADCONFIG ADC Configuration and Control
0x08h TSCMODE Touch Screen Interface Control
0x09h ADRESULT_1 ADC Result LSBs
0x0Ah ADRESULT_2 ADC Result MSBs
0x0Bh PGOOD Power Good Reporting
0x0Ch PGOODMASK Power Good Masking
0x0Dh CON_CTRL1 Sequence and Enable Control Bits for DCDCs and LDOs
O0xOEh CON_CTRL2 Control Bits for Timers, UVLO, and DCDC2 / DCDC3
0x0Fh CON_CTRL3 Discharge Resistors and Force PWM Mode
0x10h DEFDCDC1 Output Voltage Setting for DCDC1
0x11h DEFDCDC2_LOW Output Voltage Setting for DCDC2 if DEFDCDC2 is LOW
0x12h DEFDCDC2_HIGH Output Voltage Setting for DCDC2 if DEFDCDC?2 is HIGH
0x13h DEFDCDC3_LOW Output Voltage Setting for DCDC3 if DEFDCDC3 is LOW
0x14h DEFDCDC3_HIGH Output Voltage Setting for DCDC3 if DEFDCDC3 is HIGH
0x15h DEFSLEW Define Slew Rate for DCDC2 & DCDC3 DVS
0x16h LDO_CTRL1 Sequence and Output Voltage Control for LDOs
0x17h DEFLDO2 Output Voltage Control for LDO2
0x18h WLED_CTRL1 WLED Control Bits
0x19h WLED_CTRL2 WLED Control Bits

Copyright © 2009-2018, Texas Instruments Incorporated

Submit Documentation Feedback 43

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



TPS65070, TPS65072

TPS65073, TPS650731, TPS650732

SLVS9501 —JULY 2009—REVISED MAY 2018

13 TEXAS
INSTRUMENTS

www.ti.com

10.6.1 PPATHI1. Register Address: 01h
PPATH1 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and USB power AC power AC input AC input USB input USB input
function USB power AC power enable enable current MSB | current LSB | current MSB | current LSB
Default X X 0 0 1 1 0 1
Set by signal
Voltage Voltage
Default value Voltage Voltage removed at removed at
loaded by: UvVLO UvLO removed at removed at USB OR USB OR
AC OR UVLO | AC OR UVLO UVLO UVLO
Read/write R R R/W R/W R/W R/W R/W R/W
Bit 7 USB power:

Bit 6

Bit 5

Bit 4

Bit 3..2

Bit 1..0

0 = USB power is not present and/or not in the range valid for charging
1 = USB source is present and in the range valid for charging. B7 remains active as long as the
charge source is present

AC power:

0 = wall plug is not present and/or not in the range valid for charging

1 = wall plug source is present and in the range valid for charging. B6 remains active as long as the
charge source is present

USB POWER ENABLE

0 = USB power input is enabled

1 = USB power input is disabled (USB suspend mode)

AC POWER ENABLE
0 = AC power input is enabled
1 = AC power input is disabled

AC INPUT CURRENT

00 = input current from AC input is 100 mA max
01 = input current from AC input is 500 mA max
10 = input current from AC input is 1300 mA max
11 = input current from AC input is 2500 mA

USB INPUT CURRENT

00 = input current from USB input is 100 mA max
01 = input current from USB input is 500 mA max
10 = input current from USB input is 800 mA max
11 = input current from USB input is 1300 mA max

Note: safety timers are cleared if the input voltage at both AC and USB are removed.
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10.6.2 INT. Register Address: 02h
INT B7 B6 B5 B4 B3 B2 B1 BO
. SR IN USB or AC USB or AC
Bltfzzgi%r?nd A'\é'/A‘USgB MASK TSC II\DABASIE TSC INT P:?\HI_N input voltage | input voltage
— applied removed
Default 0 0 0 0 0 0 0 0
Set by signal Cleared when | Cleared when | Cleared when | Cleared when
read read read read
Default value
loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R/W R/W R R R R R
Bit 7 MASK AC/USB

Bit 6

Bit 5

Bit 3

Bit 2

Bit 1

Bit O

0 = no interrupt generated if voltage at AC or USB is applied or removed
1 =the pin INT is actively pulled low if one of the Bits 1 to Bit 0 are 1
MASK TSC

0 = no interrupt generated if the touch screen is detecting a “touch”

1 =the pin INT is actively pulled low if a “touch” on the touch screen is detected
MASK PB_IN

0 = no interrupt generated if the PB_IN is pulled low.

1 = the pin INT is actively pulled low if PB_IN was pulled low.

TSC INT

0 = no “touch” on the touch screen detected

1 = “touch” detected and the Bit has not been read ever since

PB_IN INT

0 = PB_IN not active

1 = PB_IN is actively pulled low (or high optionally) and the Bit has not been read ever since

USB or AC INPUT VOLTAGE APPLIED
0 = no change (voltage still applied or never applied)

1 = voltage at USB or AC has been applied and the Bit has not been read ever since

USB or AC INPUT VOLTAGE REMOVED
0 = no change (voltage still applied or never applied)

1 = the voltage at USB or AC has been removed and the Bit has not been read ever since
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10.6.3 CHGCONFIGO. Register Address: 03h

CHGCONFIGO B7 B6 B5 B4 B3 B2 Bl BO
Bit name and function Thermal DPEM Thermal Term ‘Chg Prechg BatTemp
regulation active Suspend Current Timeout Timeout error
Default X X X X 0 X X X
Set by signal
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R R R R R R R R
Bit 7 THERMAL REGULATION:

0 = charger is in normal operation

1 = charge current is reduced due to high chip temperature
Bit 6 DPPM ACTIVE:

0 = DPPM loop is not active

1 = DPPM loop is active; charge current is reduced to support the load with the current required
Bit 5 THERMAL SUSPEND:

0 = charging is allowed

1 = charging is momentarily suspended because battery temperature is out of range
Bit 4 TERM CURRENT:

0 = charge termination current threshold has not been crossed; charging or no voltage at AC and
uUsSB

1 = charge termination current threshold has been crossed and charging has been stopped. This
can be due to a battery reaching full capacity or to a battery removal condition
CHG TIMEOUT, PRECHG TIMEOUT
0 = charging, timers did not time out
1 = one of the timers has timed out and charging has been terminated
Bit 0 BAT TEMP ERROR:
0 = battery temperature is in the allowed range for charging
1 = no temperature sensor detected

Bit 2..Bit1
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10.6.4 CHGCONFIG1. Register Address: 04h

CHGCONFIG1 B7 B6 B5 B4 B3 B2 Bl BO
. Charge
. . Charge safety | Charge safety | Safety timer | SENSOR Charger o2 Suspend Charger
Bit name and function timer valuel timer valueO enable TYPE reset Termination Charge enable
ON/OFF
Default 0 0 1 1 0 0 0 1
Set by signal
Default "g}'}fe loaded UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7..6 CHARGE SAFETY TIMER VALUEO/1:

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

00 = safety timer times out after 4 hours
01 = safety timer times out after 5 hours
10 = safety timer times out after 6 hours
11 = safety timer times out after 8 hours

SAFETY TIMER ENABLE
0 = precharge timer, fast charge timer and taper timers are disabled
1 = precharge timer, fast charge timer and taper timers are enabled

SENSOR TYPE (NTC for battery temperature measurement)
0 = 100-kQ curve 1 NTC
1 =10-kQ curve 2 NTC

CHARGER RESET:

0 = inactive

1 = Reset active. This Bit must be set and then reset through the serial interface to restart the charge
algorithm

CHARGE TERMINATION ON/OFF:

0 = charge termination enabled, based on timers and termination current
1 = charge termination will not occur and the charger will always be on
SUSPEND CHARGE:

0 = Safety Timer and Precharge timers are not suspended

1 = Safety Timer and Precharge timers are suspended

CHARGER ENABLE

0 = charger is disabled

1 = charger is enabled; toggling the enable Bit will not reset the charger. Use CHARGER RESET Bit to
reset charger.
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10.6.5 CHGCONFIG2. Register Address: 05h

CHGCONFIG2 B7 B6 B5 B4 B3 B2 Bl BO
Dynami har har
Bit name and function }Firﬁerc P:/eoclzgzrege Sol?agg Sol?agg
function selectionl selection0
Default 1 1 1 0 0 0 0 0
Set by signal
Default value loaded by: UVLO UVLO UVLO UVLO
Read/write R/W R/W R/W R/W R R R R

Bit 7 DYNAMIC TIMER FUNCTION
0 = safety timers run with their nominal clock speed

1 = clock speed is divided by 2 if thermal loop or DPPM loop is active

Bit 6 PRECHARGE VOLTAGE
0 = precharge to fast charge transition voltage is 2.5 V
1 = precharge to fast charge transition voltage is 2.9 V

Bit5..4 CHARGE VOLTAGE SELECTIONO/1:
00=41V
01=4.15V
10=4.2V
11=4.25V
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10.6.6 CHGCONFIG3. Register Address: 06h

CHGCONFIG3 B7 B6 B5 B4 B3 B2 Bl BO
. Power path | Power path Termination | Termination .
Bit name and function | s::r)wllfzttﬂic DPPM DPPM Preticrr;:;rge current current C:;ir\?:r Isir?liS:tbll_(leSB
thresholdl | thresholdO factorl factorO
Default 0 1 1 0 0 1 X 0
Set by signal

Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO

Read/write R/W R/W R/W R/W R/W R/W R R/W
Bit 7 DISABLE ISINK AT AC (disables an internal current sink from pin AC to GND)

Bit 6..5

Bit 4

Bit 3..2

Bit 1

Bit 0

Note:

0 = 60 pA current sink enabled when no input voltage at pin AC detected
1 = 60 pA current sink disabled

POWER PATH DPPM THRESHOLD1/0:

00=35V

01=3.75V
10=4.25V
11=450V

PRECHARGE TIME
0 = precharge time is 30 min
1 = precharge time is 60 min

TERMINATION CURRENT FACTOR1/0:

00 =0.04
01=01
10=10.15
11=0.2

CHARGER ACTIVE:
0 = charger is not charging
1 = charger is charging (DPPM or thermal regulation may be active)

DISABLE ISINK AT USB (disables an internal current sink from pin USB to GND)
0 = 60-pA current sink enabled when no input voltage at pin USB detected
1 = 60-pA current sink disabled

There is a current sink on pins AC and USB which is activated when there is no voltage detected at
the pin and Bit7 or Bit0 in CHCONFIG3 are set to 0. This is implemented in order to avoid the pins to
be floating when not connected to a power source. The current sink is disabled automatically as soon
as an input voltage is detected at the pin.
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10.6.7 ADCONFIG. Register Address: 07h

ADCONFIG B7 B6 B5 B4 B3 B2 Bl BO
st and o | A enale | CNEISN | ESL | vrerenavie | NPUT | MU | U | neur
Default 0 0 1 0 0 0 0 0
Set by signal
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R/W R R/W R/W R/W R/W R/W
Bit 7 AD ENABLE:
0 = A/D converter disabled
1 = A/D converter enabled
Bit 6 CONVERSION START
0 = no conversion in progress
1 = start A/D conversion, Bit is automatically cleared if conversion is done
Bit 5 END OF CONVERSION
0 = conversion did not finish
1 = conversion done
Bit 4 VREF ENABLE
0 = reference voltage LDO (pin BYPASS) for ADC is disabled
1 = reference voltage LDO (pin BYPASS) for ADC is enabled
Bit 3..0 INPUT SELECT - see table
SELECT 3 | SELECT2 | SELECT1 | SELECTO | INPUTVOLTAGE INPUT SELECTED
0 0 0 0 2.25V Voltage at AD_IN1
0 0 0 1 2.25V Voltage at AD_IN2
0 0 1 0 2.25V Voltage at AD_IN3
0 0 1 1 2.25V Voltage at AD_IN4
0 1 0 0 2.25V Voltage at TS pin
0 1 0 1 2.25V Voltage at ISET pin == battery charge
current
0 1 1 0 6.0V Voltage at AC pin
0 1 1 1 6.0V Voltage at SYS pin
1 0 0 0 6.0V Input voltage of the charger
1 0 0 1 6.0V Voltage at BAT pins
1 0 1 0 6.0V Voltage at AD_IN5 (at pin
THRESHOLD)
1 1 1 6.0V Voltage at AD_ING6 (at pin ISET1)
1 0 0 6.0V Voltage at AD_IN7 (at pin ISET2)
1 2.25 Touch screen controller (TSC);
all functions
1 1 1 1 2.25 Touch screen controller (TSC);
x-position and y-position only
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10.6.8 TSCMODE. Register Address: 08h

TSCMODE B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function TSC_M2 TSC_M1 TSC_MO
Default 0 0 0 0 0 1 1 1
Set by signal
Default value loaded by: UVLO UVLO UVLO
Read/write R R R R R R/W R/W R/W

Bit 3..0 MODE SELECT BITS FOR THE TOUCH SCREEN INTERFACE

Note: Data conversions using the touch screen interface require setting the touch screen mode with register
TSCMODE and selecting the analog input channel for the ADC according to the following table.

Measurement of x-position:

» Set TSCMODE to 000 to select x-position measurement

» Set Bit AD ENABLE=1 to provide power to the ADC.

» Set input select for the ADC in register ADCONFIG to 1110 (AD_IN14 selected).

» Start a conversion by setting CONVERSION START=1; wait until END OF CONVERSION=1
* Read register ADRESULT_1 and ADRESULT_2

TSC_M2 | TSC_M1 TSC_MO TSX1 TSX2 TSY1(AD_ | TSY2(AD_ MODE MEASUREMENT
(AD_IN1) | (AD_IN2) IN3) IN4)
TSREF GND A/ID Hiz X-Position Voltage TSY1
0 1 A/ID Hiz TSREF GND Y-Position Voltage TSX1
0 TSREF TSREF GND GND Pressure Current TSX1 and
TSX2
TSREF GND Hiz Hiz Plate X Current TSX1
0 0 Hiz Hiz TSREF GND Plate Y Current TSY1
V2 V2 GND GND TSC standby Voltage TSX1 and
TSX2
1 1 0 A/ID A/D A/D A/ID A/D Voltage measurement
with ADC
1 1 1 open open open open TSC and ADC
disabled (no interrupt
generation)

10.6.9 ADRESULT_1. Register Address: 09h

ADRESULT 1 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function | AD_BIT7 AD_BIT6 AD_BIT5 AD_BIT4 AD_BIT3 AD BIT2 | AD BIT1 | AD_BITOLSB
Default X X X X X X X X
Set by signal
Default vgl/ge loaded R R R R R R R R
Read/write
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10.6.10 ADRESULT_ 2. Register Address: 0OAh

ADRESULT 2 B7 B6 B5 B4 B3 B2 B1 BO
. . AD_BIT9
Bit name and function MSB AD_BIT8
Default 0 0 0 0 0 0 X X
Set by signal
Default value loaded by: R R R R R R R R
Read/write
10.6.11 PGOOD. Register Address: 0Bh
PGOOD B7 B6 B5 B4 B3 B2 B1 BO
. . - PGOOD PGOOD PGOOD PGOOD PGOOD PGOOD PGOOD
Bit name and function Reset DELAY1 | DELAYO | VDCDCl | VDCDC2 | VDCDC3 LDO1 LDO2
Default for
-70, -73, -731, -732 X 1 1
Default for TPS65072 X 0 0
Set by sianal PGOOD PGOOD PGOOD PGOOD PGOOD
Y sig VDCDC1 | VvDCDC2 | VDCDC3 LDO1 LDO2
_ PGOOD PGOOD PGOOD PGOOD PGOOD
Default value loaded by: VvDCDC1 | vDCDC2 | vDCDC3 LDO1 LDO2
Read/write R R/W R/W R R R R R
Bit 7 Reset:

0 = indicates that the comparator input voltage is above the 1V threshold.
1 = indicates that the comparator input voltage is below the 1V threshold.

Bit 6..5 PGOOD DELAY 0,1 (sets the delay time of Reset and PGOOD output):
00 = delay is 20 ms
01 = delay is 100 ms
10 = delay is 200 ms
11 = delay is 400 ms
Bit 4 PGOOD VDCDC1:
0 = indicates that the VDCDC1 converter output voltage is below its target regulation voltage or
disabled.
1 = indicates that the VDCDC1 converter output voltage is within its nominal range.
Bit 3 PGOOD VDCDC2:
0 = indicates that the VDCDC2 converter output voltage is below its target regulation voltage or
disabled.
1 = indicates that the VDCDC2 converter output voltage is within its nominal range.
Bit 2 PGOOD VDCDCa3:

0 = indicates that the VDCDC3 converter output voltage is below its target regulation voltage or
disabled 1 = indicates that the VDCDC3 converter output voltage is within its nominal range.

Bit 1 PGOOD LDO1:
0 = indicates that LDO1 output voltage is below its target regulation voltage or disabled
1 = indicates that the LDO1 output voltage is within its nominal range.
Bit 0 PGOOD LDO2:
0 = indicates that the LDO2 output voltage is below its target regulation voltage or disabled.
1 = indicates that the LDO2 output voltage is within its nominal range.

52 Submit Documentation Feedback Copyright © 2009-2018, Texas Instruments Incorporated
Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS

INSTRUMENTS

www.ti.com

TPS65070, TPS65072
TPS65073, TPS650731, TPS650732

SLVS9501 —JULY 2009—REVISED MAY 2018

10.6.12 PGOODMASK. Register Address: 0Ch

PGOODMASK B7 B6 B5 B4 B3 B2 B1 BO
MASK
. . MASK MASK MASK MASK
Bit name and function VDCLIDD%31and VDCDC1 VDCDC2 VDCDC3 MASKLDO1 LDO?2
Default for —=70 0 0 0 0 1 0 0 0
Default for -72 0 0 0 1 0 0 0
Default for -73, -731,
732 0 0 0 1 1 1 0 0
Set by signal
Default "E‘L‘fe loaded UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R R R/W R/W R/W R/W R/W R/W

Bit 5

MASK VDCDC3 and LDOL1:

0 = indicates that the output voltage of either DCDC3 or LDO1 is within its nominal range. The
PGOOD output is not affected (not driven LOW)
1 = indicates that both LDO1 AND DCDC3 output voltage is below its target regulation voltage or
disabled. This will drive the PGOOD output low.

Bit 4..0

MASK VDCDC1/2/3, LDO1,2:

0 = the status of the power good Bit in Register PGOOD does not affect the status of the PGOOD

output pin

1 = the PGOOD pin is driven low in case the output voltage of the converter or LDO is below its
target regulation voltage or disabled.

10.6.13 CON_CTRL1. Register Address: 0Dh

CON_CTRL1 B7 B6 B5 B4 B3 B2 B1 BO
. . DCDC1 DCDC2 DCDC3 LDO1 LDO2
Bit name and function DCDC_SQ2 | DCDC_SQ1 | DCDC_SQO0 ENABLE | ENABLE ENABLE ENABLE ENABLE
Default for See See
70, 72, 73, -732 See Table 10 Table 10 Table 10 1 1 1 1 1
Default for See See
TPS650731 SeeTable 10 | 1opie'10 | Table 10 L L 1 1 0
Set by signal DCDCL_E | DCDC2_E [ DCDC3_EN | by Enz | LDO_ENZ
NZ NZ z
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R/W R/W R/W R/W R/W R/W R/W

The CON_CTRLL1 register can be used to disable and enable all power supplies through the serial interface.
Default is to allow all supplies to be on, providing the relevant enable pin is high. The following tables indicate
how the enable pins and the CON_CTRL1 register are combined. The CON_CTRL1 Bits are automatically reset
to default when the corresponding enable pin is low.

Bit 7..5

DCDC_SQ2 to DCDC_SQOQ: power-up sequencing (power down sequencing is the reverse)

000 = power-up sequencing is: DCDC2 only; DCDC1 and DCDC3 are not part of the automatic

sequencing and are enabled by their enable pins EN_DCDC1 and EN_DCDC3

001 = power-up sequencing is DCDC2 and DCDC3 at the same time, DCDC1 is not part of the

automatic sequencing and is enabled by its enable pin EN_DCDC1

010 = power-up sequencing is: DCDC1 when power good then DCDC2 and DCDC3 at the same time

011 = power-up sequencing is: DCDC3 when power good then DCDC2; DCDC1 is not part of the
automatic sequencing and is controlled by its EN_DCDC1 pin.
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100 = power-up sequencing is: DCDC3 is started at the same time with LDO2 if Bit
MASK_EN_DCDCS3 in register OEh is set (default is set). DCDC1 and DCDC2 are started at the same
time when LDO2 is PGOOD (defined in LDO sequencing 111); DCDC3 is enabled or disabled with its
EN_DCDC3 pin if MASK_EN_DCDC3 in register OEh is cleared (set =0). (Sirf PRIMA, start-up from
OFF or start-up after SLEEP)

101 = DCDC converters are enabled individually with the external enable pins
110 = DCDCl1first, when power good then DCDC2, when power good then DCDC3

111 = power-up sequencing is: DCDC1 and DCDC2 at the same time >1ms after LDO2 has been
started (defined in LDO sequencing 010); DCDCS3 is not part of the automatic sequencing but is
enabled with its EN_DCDCS3 pin (Atlas4)

In case of automatic sequencing other than 101, the start is initiated by going into ON-state. DCDC converters
that are not part of the automatic sequencing can be enabled by pulling their enable pin to a logic HIGH level at
any time in ON-state. The enable pins for the converters that are automatically enabled, should be tied to GND.
For sequencing option DCDC_SEQ=111, the start is initiated by going into ON-state, however, the external LDO
connected to pin EN_EXTLDO is powered first, followed by LDO2.

(The sequencing of LDO1 and LDO?2 is defined in register LDO_CTRL1.)
Bit 4..0 DCDC1,2,3: See Table 6, Table 7, and Table 8

Table 6. DCDC1 Enable Control

EN_DCDC1 PIN CON_CTRL1<4> DCDC1 CONVERTER
0 X disabled
1 0 disabled
1 1 enabled

Table 7. DCDC1 Enable Control

EN_DCDC2 PIN CON_CTRL1<3> DCDC2 CONVERTER
0 X disabled
1 0 disabled
1 1 enabled

Table 8. DCDC1 Enable Control

EN_DCDC3 PIN CON_CTRL1<2> DCDC3 CONVERTER
0 X disabled
1 0 disabled
1 1 enabled
54 Submit Documentation Feedback Copyright © 2009-2018, Texas Instruments Incorporated

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS
INSTRUMENTS

www.ti.com

TPS65070, TPS65072
TPS65073, TPS650731, TPS650732

SLVS9501 —JULY 2009—REVISED MAY 2018

10.6.14 CON_CTRL2. Register Address: OEh

CON_CTRL2 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function ENA.BLE ENABLE DS_RDY PWR_D MASK_EN_DCDC3 UVLO. uvLO1 UVLOO
1s timer 5s timer S hysteresis
Default 0 0 0 0 1 1 0 1
Default "Sl}fe loaded UVLO UVLO UVLO UVLO UVLO BG_GOOD | BG_GOOD | BG_GOOD
Read/write RIW RIW R/W RIW RIW RIW RIW RIW
Bit7...6 ENABLE TIMERS:
0 = the state machine timers of 1 s and 5 s, respectively are disabled
1 = the state machine timers of 1 s and 5 s, respectively are enabled
Bit 5 DS_RDY (data ready, memory content valid) for use with Sirf Prima processor DEEP SLEEP
mode:
0 = status Bit which is indicating the memaory content is not valid after wake up from DEEP SLEEP.
This Bit is set / cleared by the Prima application processor. Cleared when device is in UVLO to tell
processor there was a power loss. The Bits needs to be cleared by user software after a wake up
from DEEP SLEEP to enable the DCDC2 converter to be powered down in shutdown sequencing
depending on the status of LDO2.
1 = memory content is valid after wake up from DEEP SLEEP (set by 12C command by application
processor only). The Prima processor is ready to power down to DEEP SLEEP mode or was just
waking up from DEEP SLEEP mode.
Bit 4 PWR_DS (enter DEEP SLEEP for sequencing option DCDC_SEQ=100, LDO_SQ=111):
0 = PMU is in normal operation
1 = PMU powers down all rails except DCDC2 and the external LDO on pin “EXT_LDO”. PGOOD
is pulled LOW.
Bit 3 MASK_EN_DCDCS3; used for Prima application processor start-up sequencing:
0 = DCDC3 is enabled or disabled by the status of EN_DCDC3 for sequencing option
DCDC_SEQ=100.
1 = DCDC3 will start at the same time with LDO2 for sequencing option DCDC_SEQ=100. The
status of EN_DCDC3 is ignored
Bit 2 UNDERVOLTAGE LOCKOUT HYSTERESIS:
0 = 400-mV hysteresis
1 = 500-mV hysteresis
Bit 1..0 UVLO1, UVLO2 (undervoltage lockout voltage):
00 = the device turns off at 2.8 V with the reverse of the sequencing defined in CON_CTRL1
01 = the device turns off at 3 V with the reverse of the sequencing defined in CON_CTRL1
10 = the device turns off at 3.1 V with the reverse of the sequencing defined in CON_CTRL1
11 = the device turns off at 3.25 V with the reverse of the sequencing defined in CON_CTRL1
Note: The undervoltage lockout voltage is sensed at the SYS pin and the device goes to OFF state when

the voltage is below the value defined in the register. BG_GOOD is the internal bandgap good
signal which occurs at lower voltages than UVLO.
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10.6.15 CON_CTRL3. Register Address: OFh
CON_CTRL3 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function FPWM FPWM FPWM DCDC1 DCDC2 DCDC3 LDO1 LDO2
DCDC3 DCDC2 DCDC1 discharge discharge discharge discharge discharge
Default 0 0 0 1 1 1 1 1
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W RIW RIW R/W R/W RIW R/W RIW
Bit 7 FPWM DCDCa3:
0 = DCDC3 converter operates in PWM / PFM mode
1 = DCDC3 converter is forced into fixed frequency PWM mode
Bit 6 FPWM DCDC2:
0 = DCDC2 converter operates in PWM / PFM mode
1 = DCDC2 converter is forced into fixed frequency PWM mode
Bit 5 FPWM DCDC1:
0 = DCDC1 converter operates in PWM / PFM mode
1 = DCDCL1 converter is forced into fixed frequency PWM mode
Bit 4-0 0 = the output capacitor of the associated converter or LDO is not actively discharged when

the converter or LDO is disabled
1 = the output capacitor of the associated converter or LDO is actively discharged when the
converter or LDO is disabled. This decreases the fall time of the output voltage at light load

10.6.16 DEFDCDCI1. Register Address: 10h

DEFDCDC1 B7 B6 B5 B4 B3 B2 Bl BO
Bit name and function Deiggjl DCDC1[5] DCDC1[4] DCDC1[3] DCDC1[2] DCDC1[1] DCDC1[0]
Default for =70, =72 0 0 1 1 1 1 1 1
Default for —73, —731,
732 0 0 1 0 0 1 0 1
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/IW R R/W R/IW RIW R/W R/IW R/IW

DEFDCDCI1 sets the output voltage for the DCDCL1 converter. Per default the converter is internally fixed but can
be programmed to an externally adjustable version by setting Bit 7 (Ext adj). The default setting is defined in an
EEPROM Bit. In case the externally adjustable version is programmed, the external resistor divider need to be
connected to the VDCDCL1 pin, otherwise this pin needs to be connected to the output voltage directly. For the

fixed voltage version, the output voltage is set with Bits BO to B5 (DCDC1[5] to DCDC1[0]):

All step-down converters provide the same output voltage range, see DEFDCDC3_LOW. Register Address: 13h.
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10.6.17 DEFDCDC2_LOW. Register Address: 11h

DEFDCDC2_LOW B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function DCDC2[5] | DCDC2[4] | DCDC2[3] | DCDC2[2] | DCDC2[1] | DCDC2[0]
Default for -70, -72,
732 0 0 1 0 0 1 0 1
Default for -73, -731 0 0 0 1 0 0 1 1
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R R R/W R/W R/W R/W R/W R/W
10.6.18 DEFDCDC2_HIGH. Register Address: 12h
DEFDCDC2_HIGH B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function | DCDC2 extad DCDC2[5] | DCDC2[4] | DCDC2[3] | DCDC2[2] | DCDC2[1] | DCDC2[0]
Default —=70, =732 0 0 1 1 1 1 1 1
Default for-72 0 0 1 1 0 0 1 1
Default for -73, -731 0 0 1 0 0 1 0 1
Default Vg‘;‘?e loaded UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R R/IW R/W R/W R/W R/W R/W

The output voltage for

DCDC2

is switched between the value defined

in DEFDCDC2_LOW and

DEFDCDC2_HIGH depending on the status of the DEFDCDC2 pin. IF DEFDCDC2 is LOW the value in
DEFDCDC2_LOW is selected, if DEFDCDC2 = HIGH, the value in DEFDCDC2_HIGH is selected. Per default
the converter is internally fixed but can be programmed to an externally adjustable version by EEPROM similar to

DCDCI1.

10.6.19 DEFDCDC3_LOW. Register Address: 13h

DEFDCDC3_LOW B7 B6 B5 B4 B3 B2 Bl BO
Bit name and function DCDC3J[5] DCDC3[4] DCDC3[3] DCDC3[2] DCDC3[1] DCDC3[0]
Default for =70 0 0 0 0 1 0 1 1
Default for -72, —73,
L 730 0 0 0 1 0 0 1 1
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R R/IW R/W R/W R/IW R/W R/W
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10.6.20 DEFDCDC3_HIGH. Register Address: 14h

DEFDCDC3_HIGH B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function Ziggf DCDC3[5] | DCDC3[4] | DCDC3[3] | DCDC3[2] | DCDC3[l] | DCDC3[0]
Default -70 0 0 0 1 0 0 1 1
Default for -72 0 0 0 1 1 0 1 1
Default for —73, —731,
732 0 0 0 1 1 0 0 1
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R/W R R/W R/W R/W R/W R/W R/W

The output voltage for

DCDC3

is switched between the value defined

in DEFDCDC3_LOW and

DEFDCDC3_HIGH depending on the status of the DEFDCDC3 pin. IF DEFDCDC3 is LOW the value in
DEFDCDC3_LOW is selected, if DEFDCDC3 = HIGH, the value in DEFDCDC3_HIGH is selected. Per default
the converter is internally fixed but can be programmed to an externally adjustable version by EEPROM similar to

DCDC2.
Table 9. DCDC Output Voltage Range
OUTPUT VOLTAGE B5 B4 B3 B2 B1 BO
I\
0.725 0 0 0 0 0 0
0.750 0 0 0 0 0 1
0.775 0 0 0 0 1 0
0.800 0 0 0 0 1 1
0.825 0 0 0 1 0 0
0.850 0 0 0 1 0 1
0.875 0 0 0 1 1 0
0.900 0 0 0 1 1 1
0.925 0 0 1 0 0 0
0.950 0 0 1 0 0 1
0.975 0 0 1 0 1 0
1.000 0 0 1 0 1 1
1.025 0 0 1 1 0 0
1.050 0 0 1 1 0 1
1.075 0 0 1 1 1 0
1.100 0 0 1 1 1 1
1.125 0 1 0 0 0 0
1.150 0 1 0 0 0 1
1.175 0 1 0 0 1 0
1.200 0 1 0 0 1 1
1.225 0 1 0 1 0 0
1.250 0 1 0 1 0 1
1.275 0 1 0 1 1 0
1.300 0 1 0 1 1 1
1.325 0 1 1 0 0 0
1.350 0 1 1 0 0 1
1.375 0 1 1 0 1 0
1.400 0 1 1 0 1 1
1.425 0 1 1 1 0 0
1.450 0 1 1 1 0 1
1.475 0 1 1 1 1 0
1.500 0 1 1 1 1 1
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Table 9. DCDC Output Voltage Range (continued)

OUTPUT VOLTAGE B5 B4 B3 B2 B1 BO
v
1.550 1 0 0 0 0 0
1.600 1 0 0 0 0 1
1.650 1 0 0 0 1 0
1.700 1 0 0 0 1 1
1.750 1 0 0 1 0 0
1.800 1 0 0 1 0 1
1.850 1 0 0 1 1 0
1.900 1 0 0 1 1 1
1.950 1 0 1 0 0 0
2.000 1 0 1 0 0 1
2.050 1 0 1 0 1 0
2.100 1 0 1 0 1 1
2.150 1 0 1 1 0 0
2.200 1 0 1 1 0 1
2.250 1 0 1 1 1 0
2.300 1 0 1 1 1 1
2.350 1 1 0 0 0 0
2.400 1 1 0 0 0 1
2.450 1 1 0 0 1 0
2.500 1 1 0 0 1 1
2.550 1 1 0 1 0 0
2.600 1 1 0 1 0 1
2.650 1 1 0 1 1 0
2.700 1 1 0 1 1 1
2.750 1 1 1 0 0 0
2.800 1 1 1 0 0 1
2.850 1 1 1 0 1 0
2.900 1 1 1 0 1 1
3.000 1 1 1 1 0 0
3.100 1 1 1 1 0 1
3.200 1 1 1 1 1 0
3.300 1 1 1 1 1 1
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10.6.21 DEFSLEW. Register Address: 15h

DEFSLEW B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function SLEW?2 SLEW1 SLEWO
Default 0 0 0 0 0 1 1 0
Default value loaded by: UVLO UVLO UVLO
Read/write R R R R R R/W R/W R/W

The DEFSLEW register defines the slew rate of the output voltage for DCDC2 and DCDC3 in case the voltage is
changed during operation. In case Bit “LDO2 tracking” in register DEFLDO?2 is set, this is also valid for LDO2.
When the voltage change is initiated by toggling pin DEFDCDC2 or DEFDCDC3, the start of the voltage change
is triggered by the rising or falling edge of the DEFDCDC2 or DEFDCDC3 pin. If a voltage change is done
internally be re-programming register DEFDCDC2_LOW, DEFDCDC2_HIGH, DEFDCDC3 LOW or
DEFDCDCS3_HIGH, the voltage change is initiated immediately after the new value has been written to the
register with the slew rate defined.

SLEW2 | SLEW | SLEW VDCDC3
1 0 SLEW RATE
0 0 0 0.11 mV/us
0 0 1 0.22 mV/us
0 1 0 0.45 mV/us
0 1 1 0.9 mV/us
1 0 0 1.8 mV/us
1 0 1 3.6 mV/us
1 1 0 7.2 mV/us
1 1 1 Immediate
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10.6.22 LDO_CTRLL1. Register Address: 16h

LDO_CTRL1 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function | LDO_SQ2 | LDO_SQ1 | LDO_SQO LDO1[3] LDO1[2] LDO1[1] LDO1[0]
Default for See See See
-70 Table 10 Table 10 Table 10 0 L 0 0 L
Default for See See See 0 1 0 0 1
-73, -731, -732, Table 10 Table 10 Table 10
Default for See See See
-72 Table 10 Table 10 Table 10 0 0 0 L 0
Default value loaded by: UVLO UVLO UvVLO UVLO UVLO UvVLO UVLO
Read/write RIW R/W RIW R RIW RIW RIW R/W
Bit 7.5 LDO_SQ2 to LDO_SQO: power-up sequencing: (power down sequencing is the reverse)

000 = LDO1 and LDO?2 are enabled as soon as device is in ON-state by pulling PB_IN=LOW or
POWER_ON=HIGH

001 = LDO1 and LDO?2 are enabled after DCDC3 was enabled and its power good Bit is high.

010 = external pin at “EN_EXTLDQ" is driven HIGH first, after >1ms LDO?2 is enabled, LDO1 is
enabled at the same time with DCDC3. EN_EXTLDO is driven LOW by going into OFF-state, LDO2
is disabled at the same time with EN_EXTLDO going LOW. Disabling LDO2 in register CON_CTRL1
will not drive EN_EXTLDO=LOW. (Atlas4)

011 = LDO1 is enabled 300us after PGOOD of DCDC1, LDO2 is off. LDO2 can be enabled/disabled
by an 12C command in register CON_CTRL1.

100 = LDO1 is enabled after DCDC1 shows power good; LDO?2 is enabled with DCDC3

101 = LDO1 is enabled with DCDC2; LDO2 is enabled after DCDC1 is enabled and its power good
Bit is high

110 = LDO1 is enabled 10ms after DCDC2 is enabled and its power good Bit is high, LDO2 is off.
LDO2 can be enabled / disabled by an I2C command in register CON_CTRL1.

111 = external pin at EN_EXTLDO is driven HIGH first, after >1ms LDO2 is enabled, LDO1 is
enabled when EN_DCDC3 pin is pulled high AND DCDC3 is power good (first power—up from OFF
state). LDOL1 is disabled when EN_DCDCS3 pin goes LOW for SLEEP mode. LDO?2 is disabled at the
same time with DCDC2 and DCDC1 during shutdown (Sirf PRIMA).

Automatic sequencing sets the enable Bits of the LDOs accordingly, so the LDOs can be enabled or disabled
by the 12C interface in ON-state.

All sequencing options that define a ramp in sequence for the DC-DC converters and the LDOs, (not at the
same time) are timed such that the power good signal triggers the start for the next converter. If there is a time
defined such as 1-ms delay, the timer is started after the power good signal of the previous converter is high.
LDO enable is delayed by 170 ps internally to match the delay for the DC-DC converters. By this, for
sequencing options that define a ramp at the same time for an LDO and a DC-DC converter, it is made sure
they will ramp at the same time, given the fact the DC-DC converters have an internal 170-ps delay as well.

Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732

61



13 TEXAS

TPS65070, TPS65072 INSTRUMENTS
TPS65073, TPS650731, TPS650732
SLVS950I —JULY 2009—REVISED MAY 2018 wWww.ti.com

Bit 3.0 LDO1(3) to LDO1(0):
The Bits define the default output voltage of LDO1 according to the table below:

LDO1[3] LDO1[2] LDO1[1] LDO1[0] | LDO1 OUTPUT
VOLTAGE

0 0 0 0 1.0V

0 0 0 1 1.1V

0 0 1 0 1.2V

0 0 1 1 1.25V

0 1 0 0 1.3V

0 1 0 1 1.35V

0 1 1 0 1.4V

0 1 1 1 1.5V

1 0 0 0 1.6V

1 0 0 1 1.8V

1 0 1 0 25V

1 0 1 1 275V

1 1 0 0 2.8V

1 1 0 1 3.0V

1 1 1 0 31V

1 1 1 1 3.3V

10.6.23 DEFLDO2. Register Address: 17h
DEFLDO2 B7 B6 B5 B4 B3 B2 B1 BO
Bit name and function LDO2 tracking LDO2[5] LDO2[4] LDO2[3] LDO2[2] LDO2[1] LDO2[0]
Default for =70, —72 0 0 0 1 0 0 1 1
Default f?;;;;& —731, 0 0 1 0 0 1 0 1
Default "g}'/‘fe loaded UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write R R/W R/W R/W R/W R/W R/W R/W

The DEFLDO?2 register is used to set the output voltage of LDO2 according to the voltage table defined under
DEFDCDC3 when Bit LDO2 tracking is set to 0. In case Bit LDO2 tracking is set to 1, the output voltage of LDO2
is defined by the contents defined for DCDC3.

Bit 6 LDO2 TRACKING:
0 = the output voltage is defined by register DEFLDO2
1 = the output voltage follows the setting defined for DCDC3 (DEFDCDC3_LOW or
DEFDCDC3_HIGH, depending on the state of pin DEFDCDC3)
Bit 5..0 LDO2[5] to LDO2[0]:
output voltage setting for LDO2 similar to DCDC3
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10.6.24 WLED_CTRLL1. Register Address: 18h

WLED_CTRL1 B7 B6 B5 B4 B3 B2 B1 BO
. . Enable Dimming Dimming
Bit name and function ISINK frequencyl | frequencyO
Default 0 0 0 1 0 0 0 0
Default value loaded by: UVLO UVLO UVLO
Read/write R/W R R/W R/W R R R R
Bit 7 ENABLE ISINK:
0 = both current sinks are turned OFF, the wLED boost converter is disabled
1 = both current sinks are turned on, the wLED boost converter is enabled
Bit 5.4 DIMMING FREQUENCY 0/1:
00 =100 Hz
01 =200 Hz
10 =500 Hz
11 = 1000 Hz
10.6.25 WLED_CTRL2. Register Address: 19h
WLED_CTRL2 B7 B6 B5 B4 B3 B2 B1 BO
. . Current | LED DUTY | LED DUTY | LED DUTY | LED DUTY | LED DUTY | LED DUTY | LED DUTY
Bit name and function level CYCLE 6 | CYCLE 5 | CYCLE 4 | CYCLE 3 | CYCLE 2 | CYCLE 1 | CYCLE 0
Default 0 0 0 1 1 1 1 0
Default value loaded by: UVLO UVLO UVLO UVLO UVLO UVLO UVLO UVLO
Read/write RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 CURRENT LEVEL:
0 = current defined with resistor connected from ISET2 to GND
1 = current defined with resistor connected from ISET1 to GND
Bit 6..0 sets the duty cycle for PWM dimming from 1% (0000000) to 100% (1100011).
Values above 1100011 set the duty cycle to 0 %; default is 30% duty cycle
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11 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

11.1 Application Information

The TPS6507x is designed to pair with various application processors. This section describes how use the
TPS6507x for an application and provides some examples for designing for certain applications and processors
including OMAP-L138, OMAP35xx, AM3505, and Atlas IV.

11.1.1 Power Solutions For Different Application Processors

11.1.2.1 Default Settings

For proper power supply design with TPS6507x, not only the default output voltage is relevant but also in what
sequence the different power rails are enabled. The voltages are typically enabled internally based on the
sequencing options programmed. For different application processors, there are different sequencing options
available. In addition, the delay time and pulse for the reset signal to the application processor is different. See
Table 10 with the default settings for sequencing, output voltages and reset options for the TPS6507x family:

Table 10. Sequencing Settings

PART DEDICATED | DCDC_SQ[2.0] | LDO_SQ[2..0] COMMENT
NUMBER FOR
TPS65070 | OMAP-L138 011 001 DCDC1= I/0, (3.3 V); enabled by EN_DCDC1

DCDC2=DVDD3318 (1.8 V or 3.3 V)

(DEFDCDC2=LOW: 1.8 V; DEFDCDC2=HIGH: 3.3 V)
DCDC3=core voltage CVDD

(DEFDCDC3=LOW: 1 V; DEFDCDC3=HIGH: 1.2 V)

LDO1= 1.8 V, delayed by external PMOS

LDO2=12V

PGOOD delay time (reset delay): 400ms <PGOODMASK>=08h:
reset based on VDCDC2

TPS65072 Sirf Atlas 4 111 010 DCDC1=VDDIO (3.3 V)

DCDC2=VMEM (1.8 V)

DCDC3= VDD_PDN (1.2 V) driven by X_PWR_EN
LDO1=VDD_PLL (1.2 V)

LDO2=VDD_PRE (1.2 V)
EN_EXTLDO=VDDIO_RTC

PGOOD delay time (reset delay): 20 ms
<PGOODMASK>=10h: reset based on VDCDC1

TPS65073 OMAP3503 101 001 Supporting SYS-OFF mode:
OMAP3515 Supporting DCDC1=VDDS_WKUP_BG, VDDS_MEM, VDDS,
OMAP3525 SYS-OFF mode VDDS_SRAM (1.8 V)
OMAP3530 DCDC2=VDDCORE (1.2 V)

DCDC3=VDD_MPU_IVA (1.2 V)

LDO1= VDDS_DPLL_DLL, VDDS_DPLL_PER (1.8 V)
LDO2=VDDS_MMC1 (1.8 V)

PGOOD delay time (reset delay): 400 ms
<PGOODMASK>=1Ch: based on VDCDC1, VDCDC2, VDCDC3
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Application Information (continued)

Table 10. Sequencing Settings (continued)

PART
NUMBER

DEDICATED
FOR

DCDC_SQJ[2..0]

LDO_SQ[2..0]

COMMENT

TPS650731

OMAP35xx

110

011

DCDC1=VDDS_WKUP_BG, VDDS_MEM, VDDS,

VDDS_SRAM (1.8 V)

DCDC2=VDDCORE (1.2 V)

DCDC3=VDD_MPU_IVA (1.2 V)

LDO1=VDDS_DPLL_DLL (1.8 V)

LDO2=VDDA_DAC (1.8 V): OFF, enabled by 12C

PGOOD delay time (reset delay): 400 ms
<PGOODMASK>=1Ch: reset based on VDCDC1, VDCDC2,
VDCDC3

DCDC1=VDDS1-5 (1.8 V)

DCDC2=VDDSHYV (3.3 V)

DCDC3=VDD_CORE (1.2 V)

LDO1=VDDA1P8V (1.8 V)

LDO2=VDDS_DPLL (1.8 V)

PGOOD delay time (reset delay): 400 ms
<PGOODMASK>=1Ch: reset based on VDCDC1, VDCDC2,
VDCDC3

TPS650732 AM3505 110 001

AM3517

11.1.1.2 Starting TPS6507x

TPS6507x was developed for battery powered applications with focus on lowest shutdown and quiescent current.
To achieve this, in shutdown all mayor blocks and the system voltage at the output of the power path (SYS) are
turned off and only the input that turns on TPS6507x, pin PB_IN, is supervised. TPS6507x is designed such that
only an ON-key on PB_IN is needed pulling this pin LOW to enable TPS6507x. No external pullup is needed as
this is integrated into TPS6507x.

Once PB_IN is pulled LOW, the system voltage is ramped and the DC-DC converters and LDOs are started with
the sequencing defined for the version used. If PB_IN is released again, TPS6507x would turn off, so a pin was
introduced to keep TPS6507x enabled after PB_IN was released. Pin POWER_ON serves this function and
needs to be pulled HIGH before the user releases the ON-key (PB_IN = HIGH). This HIGH signal at
POWER_ON can be provided by the GPIO of a processor or by a pullup resistor to any voltage in the system
which is higher than 1.2 V. Puling POWER-ON to a supply voltage would significantly reduce the time PB_IN
has to be asserted LOW. If POWER_ON is tied to a GPIO, the processor has to boot up first which may take
some time. In this case however, the processor could do some additional debouncing, hence does not keep the
power enabled if the ON-key is only pressed for a short time. When there is a supply voltage for the battery
charger at pins AC or USB, the situation is slightly different. In this case, the power path is enabled and the
system voltage (SYS) has ramped already to whatever the voltage at AC or USB is. The dcdc converters are not
enabled yet but the start-up could not only be done by puling PB_IN=LOW but also by pulling
POWER_ON=HIGH.

In applications that do not require an ON-key but shall power-up automatically once supply voltage is applied,
there are two cases to consider. If TPS6507x is powered from its AC or USB pin (not powered from its BAT pin),
POWER-ON just needs to be pulled HIGH to enable the converters. PB_IN must not be tied LOW in this case.

If TPS6507x is powered from its BAT pin, PB_IN needs to be tied LOW to start up the converters.
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11.2 Typical Applications

11.2.1 General PMIC Application
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Typical Applications (continued)
11.2.1.1 Design Requirements

All converters and LDOs must have appropriate output filters or be terminated properly. The device also includes
a battery charger, wLEDs, and digital logic signals for PGOODs and RESETSs.

11.2.1.2 Detailed Design Procedure
11.2.1.2.1 Output Filter Design (Inductor and Output Capacitor)

11.2.1.2.1.1 Inductor Selection

The step-down converters operate typically with 2.2-uH output inductor. Larger or smaller inductor values can be
used to optimize the performance of the device for specific operation conditions. The selected inductor has to be
rated for its DC resistance and saturation current. The DC resistance of the inductance will influence directly the
efficiency of the converter. Therefore an inductor with lowest DC resistance should be selected for highest
efficiency.

Equation 4 can be used to calculate the maximum inductor current under static load conditions. The saturation
current of the inductor should be rated higher than the maximum inductor current as calculated with Equation 4.
This is recommended because during heavy load transient the inductor current will rise above the calculated
value.

1- Vout
Al, = Vout x —Yin_
_ Al
ILmax - Ioutmax + 7
where

« f = Switching Frequency (2.25 MHz typical)

¢ L =Inductor Value

e Al = Peak to Peak inductor ripple current

* I max = Maximum Inductor current (5)

The highest inductor current will occur at maximum Vin.

Open core inductors have a soft saturation characteristic and they can usually handle higher inductor currents
versus a comparable shielded inductor.

A more conservative approach is to select the inductor current rating just for the maximum switch current of the
corresponding converter. It must be considered, that the core material from inductor to inductor differs and will
have an impact on the efficiency especially at high switching frequencies.

Refer to Table 11 and the typical applications for possible inductors.

Table 11. Tested Inductors

INDUCTOR TYPE RECOMMENDED INDUCTOR VALUE SUPPLIER
MAXIMUM DC
CURRENT
LPS3010 0.6 A 2.2 pH Coilcraft
LPS3015 12A 2.2 pH Coilcraft
LPS4018 15A 2.2 pH Coilcraft
VLCF4020 15A 2.2 pH TDK

11.2.1.2.1.2 Output Capacitor Selection

The advanced Fast Response voltage mode control scheme of the two converters allow the use of small ceramic
capacitors with a typical value of 10uF, without having large output voltage under and overshoots during heavy
load transients. Ceramic capacitors having low ESR values result in lowest output voltage ripple and are
therefore recommended. Please refer to for recommended components.
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If ceramic output capacitors are used, the capacitor RMS ripple current rating will always meet the application
requirements. Just for completeness the RMS ripple current is calculated as:

Vout
1-—
Vin_ 1
L x f 2 x \/5 (6)

At nominal load current the inductive converters operate in PWM mode and the overall output voltage ripple is
the sum of the voltage spike caused by the output capacitor ESR plus the voltage ripple caused by charging and
discharging the output capacitor:

IRMSCOUt =Vout x

1- Vout
AVout = Vout x Vin_ 1 +ESR
L x f 8 x Cout x f

)
Where the highest output voltage ripple occurs at the highest input voltage Vin.
At light load currents the converters operate in Power Save Mode and the output voltage ripple is dependent on

the output capacitor value. The output voltage ripple is set by the internal comparator delay and the external
capacitor. The typical output voltage ripple is less than 1% of the nominal output voltage.

11.2.1.2.1.3 Input Capacitor Selection/Input Voltage

Because of the nature of the buck converter having a pulsating input current, a low ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high input
voltage spikes. The converters need a ceramic input capacitor of 10 uF. The input capacitor can be increased
without any limit for better input voltage filtering.

The input voltage for the step-down converters needs to be connected to pin VINDCDC1/2 for DCDC1 and
DCDC2 and to pin VINDCDC3 for DCDC3. These pins need to be tied together to the power source on pin SYS
(output of the power path). The 3 step-down converters must not be supplied from different input voltages.

Table 12. Possible Capacitors

CAPACITOR CASE SIZE MANUFACTURER AND PART TYPE
VALUE NUMBER
22 uF 0805 TDK C2012X5R0J226MT Ceramic
22 uF 0805 Taiyo Yuden JMK212BJ226MG Ceramic
10 pF 0805 Taiyo Yuden JMK212BJ106M Ceramic
10 pF 0805 TDK C2012X5R0J106M Ceramic

11.2.1.2.1.4 Output Voltage Selection

The DEFDCDC?2 and DEFDCDC3 pins are used to set the output voltage for step-down converter DCDC2 and
DCDCa3. See Table 2 for the default voltages if the pins are pulled to GND or to Vcc.

11.2.1.2.1.5 Voltage Change on DCDC2 and DCDC3

The output voltage of DCDC2 and DCDC3 can be changed during operation from, for example, 1 V to 1.2 V
(TPS65070) and back by toggling the DEFDCDC2 or DEFDCDC3 pin. The status of the DEFDCDC3 pin is
sensed during operation and the voltage is changed as soon as the logic level on this pin changes from low to
high or vice versa.

The output voltage for DCDC2 and DCDC3 can also be changed by changing the register content in registers
DEFDCDC2_LOW, DEFDCDC2_HIGH, DEFDCDC3_LOW and DEFDCDC3_HIGH.

11.2.1.2.2 LDOs

11.2.1.2.2.1 Output Capacitor Selection

The control loop of the LDOs is compensated such that it requires a minimum of 2.2 yF as an output capacitor.
Ceramic X5R or X7R capacitors should be used.
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11.2.1.2.2.2 Input Capacitor Selection
The input voltage for the two LDOs should be bypassed by a ceramic capacitor of 2.2 pF minimum.

11.2.1.2.2.3 Output Voltage Change For LDO1 and LDO2

The output voltage of LDO1 and LDO?2 is defined in registers LDO_CTRL1 for LDO1 and in register DEFLDO2
for LDO2. The output voltage can be changed in these registers after power-up.

11.2.1.2.2.4 Unused LDOs

In case both LDOS are unused, connect VINLDO1/2 to the SYS node. If VINLDO1/2 is tied to GND, the SYS
voltage will not be turned off during a power-down with only a battery connected and a transit to ON-state is not
possible afterwards.

11.2.1.2.3 White-LED Boost Converter

11.2.1.2.3.1 LED-Current Setting/Dimming

The white LED boost converter generates an output voltage, high enough to drive current through up to 10 white
LEDs connected in series. TPS6507x support one or two strings of white LEDs. If two strings of white LEDs are
used, the number of LEDs in each string is limited to 6LEDs due to the switch current limit as defined in the
electrical characteristics. The boost converter block contains two current sinks to control the current through the
white LEDs. The anodes of the “upper” white-LEDs are directly connected to the output voltage at the output
capacitor. The cathode of the “lowest” LED is connected to the input of the current sink at pin ISINK1 or ISINK2.
The internal current sink controls the output voltage of the boost converter such that there is a minimum voltage
at the current sink to regulate the defined current. The maximum current is set with a resistor connected from pin
ISET1 to GND. Dimming is done with an internal PWM modulator by changing the duty cycle in the current sinks
from 1% to 100%. In order to set a LED current of less than 1% of the current defined at ISET1, a second current
range is set with a resistor at pin ISET2 to GND. By changing between the two current ranges and varying the
duty cycle, it is possible to achieve a dimming ratio of > 1:100. The main functions of the converter like enable /
disable of the converter, PWM duty cycle and dimming frequency are programmed in registers WLED CTRL1
and WLED_CTRL2 — see the register description for details.

If only one string of white LEDs are used, ISINK1 and ISINK2 need to be connected in parallel.

11.2.1.2.3.2 Setup
In applications not requiring the wLED boost converter, the pins should be tied to a GND as stated below:

Pins L4, FB_wLED, ISINK1 and ISINK2 should be directly connected to GND. Each ISET1 and ISET2 should be
connected to GND with a 100-kQ resistor. Optionally ISET1 and ISET2 can be used as analog inputs to the
ADC. In this case, these pins can be tied to a voltage source in the range from 0 V to 2.25 V.

11.2.1.2.3.3 Setting the LED Current

There are two resistors which set the default current for the current sinks at ISINK1 and ISINK2.

The resistor connected to ISET1 is used if Bit CURRENT LEVEL is set 1 in register 19h.

The resistor connected to ISET2 is used if Bit CURRENT LEVEL is set O in register 19h (default).

This allows switching between two different maximum values for the LED current with one Bit to extend the
resolution for dimming.

Dimming is done by an internal PWM signal that turns on and off the current sinks ISINK1 and ISINK2 at 200Hz
(default). The duty cycle range is 1% to 100% with a 1% resolution and a default duty cycle of 30%. In order to
get the full scale LED current, the PWM dimming needs to be set to 100% in register 19h. This is done by writing
63h to register 19h.

Kset is defined to be 1000 in the electrical spec, the reference voltage at ISET1 and ISET2 is 1.24 V.

The current for each string is set by the resistor to:
ISINK1=ISINK2= Kser X 1.24V/R g1y @®
RISETl‘ RISETZ = KISET X 124V/10mA:124 kQ (9)

A resistor value of 124 kQ sets the current on each string to 10 mA.
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For one string of wLEDSs, both strings need to be connected in parallel, so the current in the wLEDs is twice the
current programmed by the resistor at ISET1 or ISET2.

Connecting both strings in parallel is required because the wLED converter generates its output voltage
dependant on the current in ISINK1 and ISINK2. If the current falls below the target, the output voltage is
increased. If one string is open, the wLED driver will boost the output voltage to its maximum because it
assumes the voltage is not high enough to drive current into this string (there could be different numbers of
WLEDSs in the two strings).

11.2.1.2.3.4 Inductor Selection

The inductor in a boost converter serves as an energy storage element. The energy stored equals % L x I2.
Therefore, the inductor must not be saturated as the inductance will drop and the energy stored will be reduced
causing bad efficiency. The converter operates with typically 15-uH to 22-uH inductors. A design example for an
application powering 6LEDSs in one string given below:

Vin = 2.8 V — minimum input voltage for the boost converter

Vo =6 x 3.2V =19.2 V— assuming a forward voltage of 3.2 V per LED
Vf = 0.5 V — forward voltage of the Schottky diode

lo = 25 mA maximum LED current

Fsw = 1.125 MHz — switching frequency — T=890 ns

Rds(on) = 0.6R — drain-source resistance of the internal NMOS switch
Vsw — voltage drop at the internal NMOS switch

lavg — average current in NMOS when turned on

The duty cycle for a boost converter is:

_ Vo+V/f - Vin
Vo + Vf —Vsw (10)
With:
Vsw = Rds(on) x IAVG lavg = lo
1-D (11)

A different approach to calculate the duty cycle is based on the efficiency of the converter. The typical number
can be found in the graphs, or as a first approach, we can assume to get an efficiency of about 80% as a typical
value.

D = [1 -n x LJ
Vo +Vf (12)
With the values given above
D ~ (1 - 0.8$j ~ 89%
192V +05V (13)

ton=T x D =890 ns x 0.89 =792 ns
toff = 890 ns — 792 ns = 98ns

o _p60 x 25MA 140 mv

1-D 1 - 0.89 (14)

When the NMOS switch is turned on, the input voltage is forcing a current into the inductor. The current slope
can be calculated with:

_ VL« dt _ (Vin - Vsw) x dt _ (2.8V - 0.14V) x 792 ns

Vsw = Rds(n) x |AvG = Rds(n) x

di =117 mA
lavg = o _ _25mA __ 227 mA
1-D 1 -089 (16)

The minimum and maximum inductor current can be found by adding half of the inductor current ripple (di) to the
average value, which gives:
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117 mA

Imax = 227 mA + =285mA

Imin =227 mA -

—1172mA = 169 mA

17)
Given the values above, an inductor with a current rating greater than 290 mA is needed. Plenty of margin
should be kept to the rating in the inductor vendors data sheets as the maximum current is typically specified at a
inductance drop of 20% or even 30%. A list of tested inductors is given in Table 13 with the following test
conditions.

Test conditions:

* Vin=28YV

» Vf=23.2V (per LED)

* Vf=0.5V (Schottky diode)

* lout = 25 mA per string; no dimming

Table 13. Tested Inductors

LED CONFIGURATION INDUCTOR TYPE INDUCTOR VALUE SUPPLIER
1 x 6LEDs LPS3015 18 uH Coilcraft
2 x 6LEDs LPS4018 47 pH Coilcraft
1 x 10LEDs LPS4018 47 pH Coilcraft

Other inductors, with lower or higher inductance values can be used. A higher inductance will cause a lower
inductor current ripple and therefore will provide higher efficiency. The boost converter will also stay in
continuous conduction mode over a wider load current range. The energy stored in an inductor is given by
E=1/2L x 12 where | is the peak inductor current. The maximum current in the inductor is limited by the internal
current limit of the device, so the maximum power is given by the minimum peak current limit (see electrical
specifications) times the inductance value. For highest output power, a large inductance value is needed. The
minimum inductor value possible is limited by the energy needed to supply the load. The limit for the minimum
inductor value is given during the on-time of the switch such that the current limit is not reached.

Example for the minimum inductor value:

Vin=4.2V, Vout=19.7 V, lout =5 mA, Vsw =0.1 V
—-D=79%%
— ton =703 ns

During the on-time, the inductor current should not reach the current limit of 1.4 A.
With V... voltage across the inductor (V = Vin—Vsw)
— L=Vxdt/di=(4.2V-0.1V)x 703 ns/1.4 A =2puH

11.2.1.2.3.5 Diode Selection

Due to the non-synchronous design of the boost converter, an external diode is needed. For best performance, a
Schottky diode with a voltage rating of 40V or above should be used. A diode such as the MBR0540 with an
average current rating of 0.5 A is sufficient.

11.2.1.2.3.6 Output Capacitor Selection
A ceramic capacitor such as X5R or X7R type is required at the output. See Table 14 for reference.

Table 14. Tested Capacitor

TYPICAL VOLTAGE
LED CAPACITOR CAPACITOR
CONFIGURATION ACROSS OUTPUT VALUE SIZE CAPACITOR TYPE MANUFACTURER
CAPACITOR
2x6LEDs or 1x6LEDs 21V 4.7 uF /50 V 1206 UMK316BJ475KL Taiyo Yuden
1x10LEDs 35V 4.7 uF /50 V 1210 GRM32ER71HA475KA Murata
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11.2.1.2.3.7 Input Capacitor Selection

A small ceramic input capacitor of 10 pF is needed at the input of the boost converter. If the inductor is directly
connected to the SYS output of TPS6507x, the capacitor can be shared. In this case the capacitance needs to
be 22 pF or above. Only X5R or X7R ceramic capacitors should be used.

11.2.1.2.4 Battery Charger

11.2.1.2.4.1 Temperature Sensing

The battery charger integrated in TPS6507x has an over temperature protection for the Li-ion cell. The
temperature is sensed with a NTC located at the battery. Comparators in TPS6507x suspend charge at a
temperature below 0°C and above 45°C. The charger supports two different resistor values for the NTC. The
default is internally programmed to 10 kQ. It is possible to change to a 100-kQ NTC with the 12C interface.

Table 15. NTCs Supported

RESISTANCE AT 25°C CURVE / B VALUE RT2 NEEDED FOR MANUFACTURER
LINEARIZATION
10 kQ Curve 2 / B=3477 75 kQ Several
100 kQ Curve 1/ B=3964 370 kQ Several

For best performance, the NTC needs to be linearized by connecting a resistor (RT2) in parallel to the NTC as
shown in Figure 47. The resistor value of RT2 needed for linearization can be found in Table 15.

If the battery charger needs to be operated without a NTC connected, for example, for test purposes, a resistor
of 10 kQ or 100 kQ needs to be connected from TS to GND, depending for which NTC TPS6507x is configured
to in register CHCONFIG1.

RT1 TS

225V RT2 NTC

Vhort(45)

Vcorp(0)

AL

Copyright © 2016, Texas Instruments Incorporated

Figure 46. Linearizing the NTC

11.2.1.2.4.2 Changing the Charging Temperature Range (Default 0°C to 45°C)

The battery charger is designed to operate with the two NTCs listed above. These will give a cold and hot
temperature threshold of 0°C and 45°C. If the charger needs to operate (charge) in a wider temperature range,
for example, —5°C to 50°C, the circuit can be modified accordingly. The NTC changes its resistance based on the
equation listed below:

11
((57a)
_ T TO
RNTC(T)=R25%e 18)
With:
R25 = NTC resistance at 25°C
T = temperature in Kelvin
TO = reference temperature (298K)
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Resistor RT2 in parallel to the NTC is used to linearize the resistance change with temperature of the NTC. As
the NTC has a high resistance at low temperature, the resulting resistance of NTC in parallel with RT2 is lower
especially for low temperatures where the NTC has a high resistance, so RT2 in parallel has a significant impact.
For higher temperatures, the resistance of the NTC dropped significantly, so RT2 in parallel does not change the
resulting resistance a lot. See Figure 47.

RT1 |75 RT3

225V RT2 NTC

Vhot(45)

VcoLn(0)

AL

Copyright © 2016, Texas Instruments Incorporated

Figure 47. Changing the Temperature Range

11.2.1.3 Application Curves

As Figure 48 shows, the result is an extended charging temperature range at lower temperatures. The upper
temperature limit is shifted to lower values as well resulting in a V(HOT) temperature of slightly less than 45°C.
Therefore RT3 is needed to shift the temperature range to higher temperatures again. Figure 49 shows the result
for:

* RT2=47KkQ
 RT3=820R

Using these values will extend the temperature range for charging to —5°C to 50°C.

40000 1.8
36000 1.7 \
32000 \ 1.6 ‘\
RNTC (T) N
28000 N\ 1.5 N
\ VTS (T)
24000 1.4 \
20000 [N \ 1.3 N
N \ \\
16000 \ 1.2 N
12000 RP(T) \\\ 1.1 \\
NN \
N~
8000 ~—_ 1 \
\\
4000 =N 0.9 N
~N
0 0.8
5 0 5 10 15 20 25 30 35 40 45 50 -5 0 5 10 15 20 25 30 35 40 45 50
Temperature - (T) Temperature - (T)
Figure 48. NTC [R(T)] and NTC in Parallel to RT2 [Rges(T)] Figure 49. Resulting TS Voltage
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11.2.2 Powering OMAP-L138

1.8Vor33 vy

sets default
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current
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SYs
DEFDCDC3

DCDC1
600 mA
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1500 mA

DCDC3
1500 mA

LDO2
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THRESHOLD
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= 4
VDCDC2 Towr
2.2 uH
L3 A
-
VDCDC3 10 pF
VLDO2 [~
2.2 yF E
Si2333
VLDO1
5] S
2
Teawr = ; Tl
PGND BC847
VDDIO
PowerPad(TM)
AGND I:I
al el eTelel e
FIEIEIEIEIE
o| of »|=|2| 2
PB_OUT 2| 2| s| |2 2
PGOOD "
SDAT
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11.2.2.1 Design Requirements

Figure 50.

Reset

OMAP-L138

RTC_CVDD (1.2V)

USBO_VDDA33 (3.3 V)
USB1_VDDA33 (3.3 V)

DVDD3318_A (3.3V or 1.8 V)
DVDD3318_B (3.3V or 1.8 V)
DVDD3318_C (3.3V or 1.8 V)

CVDD (1.2V)

SATA_VDD (1.2 V)
PLLO_VDDA (1.2 V)
PLL1_VDDA (1.2 V)
USBSs CVDD (1.2 V)
VDDARNWA/1 (1.2 V)
SATA_VDDR (1.8 V)
USBO_VDDA18 (1.8 V)
USB1_VDDA18 (1.8 V)
DDR_DVDD18 (1.8 V)

PB_INTERRUPT
RESET

SDAT

SCLK

INT

GPIO (power hold)

Copyright © 2016, Texas Instruments Incorporated

Powering OMAP-L138

Table 16. OMAP - L138 Power Table

DEVICE REGULATOR

VOLTAGE

PROCESSOR RAIL NAME

SEQUENCE

DCDC1

3.3V

USBO_VDDAS33
USB1_VDDA33

5

DCDC2

33Vorl8V

DVDD3318_A
DvDD3318_B
DvDD3318_C

DCDC3

1.2V

CvDD

LDO1

1.2V

SATA_VDD
PLLO_VDDA
PLL1_VDDA
USBs CVDD
VDDARNWA/1

LDO2

1.8V

SATA_VDDR
USBO_VDDA18
USB1_VDDA18
DDR_DVDD18
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11.2.2.2 Detailed Design Procedure

Using the requirements above follow the procedure from Detailed Design Procedure to design the TPS6507x for
the OMAP-L138.

— A

can be released HIGH any time
after POWR_ON = HIGH

\/

N
Ll

voltage at pull-up has
y not ramped at that time

v

! l

|

' level not defined as ! R
| |

: !

| ;

" 50ms debounce 50 ms debouncé— ™

sysT i/

v

POWER_ON

asserted HIGH by the application processor
any time while PB_IN = LOW to keep the
system alive

\/

external LDO
(RTC_CVDD)
1.2V

\/

VDCDC3
(CVDD)
12V

\ 4

170 ps |——p—p! 250 us

VLDO2
(SATA_VDD)
12V

<

VDCDC2
(VDDSHV)
18V

|
|
|
| ] |
| | |
170 ps ;—>‘|—>: 250 us
|

/

\/

VLDO1
(SATA_VDDR)
18V

\/

VDCDCH1
(USBO_VDDA33)
33V

—>:—>i 250 ps
170ps |

\/

PGOOD
(Reset)

—r T T T T

\/

R
400 ms |

Figure 51. Sequence for OMAP-L138
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11.2.3 Powering Atlas IV

™

TPS65072

charger / power path

VINDCDC1/2]

VINDCDC3

ALTAS IV
DCDC1 JVCC_3V3 (VDDIO)
600 mA
DCDC2 1VCC_1Vv8 (VDDIO_MEM)
600 mA
DCDC3 1VDD_PDN (1.2 V)
600 mA
LDO2 S app JVDD_PRE (1.2 V)
200 mA T %2
LDO1 —{+——¢- {1 VDDPLL (1.2V)
200 mA T 22 F

VIN
sYse—¥—| Lpo [—¥=H vDD_RTCIO

EN_EXTLDO

EN_wLED
— {1 GPIO (enable wLED)
POWER ON % GPIO (power hold)
WLED [ EN_DCDC3 X_PWR_EN
boost \ - -
~| N
<
1 PB_OUT i {1 PB_INTERRUPT
PGOOD .0 RESET
SDAT SDAT
SCLK SCLK
INT INT
Note: /Reset to Atlas 4 may need to
be a RC delay from VDDIO
Copyright © 2016, Texas Instruments Incorporated
Figure 52. Powering Atlas IV
11.2.3.1 Design Requirements
Table 17. Atlas IV Power Table
DEVICE REGULATOR VOLTAGE PROCESSOR RAIL NAME SEQUENCE
DCDC1 33V VCC_3V3 (VDDIO) 2
DCDC2 1.8V VCC_1Vv8 (VDDIO_MEM) 2
DCDC3 1.2V VDD_PDN 3
LDO1 1.2V VDD_PRE 3
LDO2 1.2V VDDPLL 1
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11.2.3.2 Detailed Design Procedure
Using the requirements above follow the procedure from Detailed Design Procedure to design the TPS6507x for

the Atlas IV.
A
PB_IN —
can be released HIGH any timg
after POWR_ON=HIGH .
L >
| —!
A 1 ! |
PB_OUT d _~ level not defined as s | R—
e voltage at pull-up has | |
I not ramped at that time | I |
1 : ' | >
I'_’: 50ms debounce | 50ms debounce 1™ :
Pl ' [
| 1, ! ]
Wi ' '
[ : : >
| I I I
POWER_ON : I I
| asserted HIGH by the ia\f)phcatmn Erocessor 1
any time while /PB_IN=LOW to keep the |
| system alive I .
! i >
|
EN_EXTLDO | |
(VDD_RTCIO) | T
! I
! I .y
4 ] >
VLDO2 11ms | l
(VDD_PRE) I y :
: 7| 0.95 x Vout,nominal I
L 1 ! >
— | f -
VDCDC1 11ms | | l
VCC_3V3) ! ,
( | Vil —0.95 x Vout,nominal :
: I I
>
1ms |—>—i» 250 ps i
VDCDC2 : | |
(VCC_1v8) | T
11 |
| I | _
1ms |—>|-—|H250 us X -
EN_DCDC3 I I
(X_PWR_EN) : :
| | R
T I T >
| |
VDCDC3 L] ! ! |
(VDD_PDN) P! , r
I ! [ | [ [
[ | ! I i
I ] | ] 1 .
! L i 1 ] i i »
|
VLDO1 , 170 “%—HI g 250 ps : 170 ps :—N—»I | 250 s !
(VDDPLL) | L Vo +
! Lo | Lo !
| 1 | ! -
| L T \ >
PGOOD | |
(X_RESET_B) I
|
| l
' . B>
|

20ms !

Figure 53. Sequence for Atlas IV
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11.2.3.2.1 Prima SLEEP Mode and DEEP SLEEP Mode Support

TPS6507x contains a sequencing option for the Sirf Prima processor. The sequencing option defines how the
voltages are ramped at initial power-up and shutdown as well as the timing for entering power save mode for the
processor (SLEEP mode). The Prima processor supports SLEEP mode and also DEEP SLEEP mode. The main
difference from a power supply point of view is:

» How the supply voltages are turned off

* Which voltages are turned off

» How power save mode is exited into normal mode

* Reset asserted or not (PGOOD pin of TPS6507x going actively low)

The sequencing option for Prima is defined in one register each for the sequencing of the DC-DC converters and
for the LDOs. DCDC_SQ[2..0]=100 in register CON_CTRL1 defines the start-up sequence for the DC-DC
converters while LDO_SQ[2..0]=111 defines the sequence for the LDOs. The default is factory programmed
therefore it is ensured the first power-up is done in the right sequence.

When TPS6507x is off, a small state machine supervises the status of pin PB_IN while major blocks are not
powered for minimum current consumption from the battery as long as there is no input voltage to the charger.
Power-up for the TPS6507x is started by PB_IN going LOW. This will turn on the power-FET from the battery so
the system voltage (SYS) is rising and the main blocks of the PMU are powered. After a debounce time of 50
ms, the main state machine will pull PB_OUT = LOW to indicate that there is a “keypress” by the user and will
ramp the DC-DC converters and LDOs according to the sequence programmed. It is important to connect the
power rails for the processor to exactly the DC-DC converters and LDOs as shown in the schematic and
sequencing diagrams for proper sequencing. For Prima, the voltage rails for VDD_RTCIO needs to ramp first.
This power rail is not provided by the PMU but from an external LDO which is enabled by a signal called
EN_EXTLDO from the PMU. The PMU will therefore first rise the logic level an pin EN_EXTLDO high to enable
the external LDO. After a 1-ms delay the PMU will ramp LDO2 for VDD_PRE and DCDC3 for VDD_PDN. When
the output voltage of LDO2 is within it s nhominal range the internal power good comparator will trigger the state
machine which will ramp DCDC1 and DCDC2 to provide the supply voltage for VCC_3V3 and VCC_1V8. Now
Prima needs to pull its X PWR_EN signal high which drives EN_DCDC3 on the PMU. This will now enable
LDO1 to power VDDPLL. X_RESET_B will be released by the PMU on pin PGOOD based on the voltage of
DCDC1 after a delay of 20 ms.

11.2.3.2.2 SLEEP Mode

At first power-up (start-up from OFF state), the voltage for VDD_PDN is ramped at the same time than
VDD_PRE. This is defined by Bit MASK_EN_DCDC3 in register CON_CTRL2 which is “1” per default. For
enabling SLEEP mode, Prima needs to clear this Bit, so the EN_DCDC3 pin takes control over the DCDC3
converter. Prima SLEEP mode is initialized by Prima pulling its X_PWR_EN pin LOW which is driving the
EN_DCDC3 pin of TPS6507x. This will turn off the power for VDDPLL (LDO1) and also for VDD_PDN (DCDC3).
All other voltage rails will stay on. Based on a “keypress” with PB_OUT going LOW, Prima will wake up and
assert EN_DCDC3=HIGH. This will turn DCDC3 and LDO1 back on and Sirf PRIMA will enter normal operating
mode.
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Figure 54. Sequence for Sirf Prima SLEEP Mode
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11.2.3.2.3 DEEP SLEEP Mode

Entry into DEEP SLEEP mode is controlled by Prima by writing to register CON_CTRL2 of TPS6507x. Before
entering DEEP SLEEP mode, Prima will back up all memory and set Bit DS_RDY=1 to indicate the memory was
saved and the content is valid. Setting PWR_DS=1 will turn off all voltage rails except DCDC2 for the memory
voltage and the PMU will apply a reset signal by pulling PGOOD=LOW. Prima can not detect logic level change
by PB_OUT going low in DEEP SLEEP mode. A wakeup from DEEP sleep is therefore managed by the PMU.
The PMU will clear Bit PWR_DS and turn on the converters again based on a user “keypress” when PB_IN is
being pulled LOW. Prima will now check if DS_RDY=1 to determine if the memory content is still valid and clear
the Bit afterwards. In case there is a power loss and the voltage of the PMU is dropping below the undervoltage
lockout threshold, the registers in the PMU are re-set to the default and DS_RDY is cleared. The PMU would
perform a start-up from OFF state instead of exit from DEEP SLEEP and Sirf PRIMA would read DS_RDY=0,
which indicates memory data is not valid.

See Sequence diagrams for Sirf Prima SLEEP and DEEP SLEEP in Figure 54 and Figure 55.
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Figure 55. Sequence for Sirf Prima DEEP SLEEP Mode
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11.2.4 OMAP35xx (Supporting SYS-OFF Mode)

TPS65073 OMAP35xx
 TPS79901
sys—p] 1VDDS_MMC1(1.8V /3.0V)
EN LDO
Trowr EX T

charger / power path

set charge
current
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VDDS_MEM; VDDS
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VINLDO1/2
SYS©O oV

1uF DCDC2 £] VDDCORE (1.2V)
T 600mA
IPB_IN
,——[]
o l DCDC3 1 VDD_MPU_IVA (1.2V)
AVDD6 1500mA
I ]
T LDO2 {1 VDDA_DAC (1.8V)
AD_IN1 (TSX1) 200mA

AD_IN2 (TSX2)
_AD_IN2 (TSX2)
AD_IN3 (TSY1)
_AD_IN3 (TSYT)
AD_IN4 (TSY2)
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T_ﬁ VDDS_DPLL_DLL (1.8V)
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VDDS_DPLL_PER (1.8V)

EN_DCDC1 svs
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T

EN_DCDC2 TPS3825-33DBVT

1 SYS_OFF_MODE

EN_DCDC3

GPIO (push-button int)
GPIO (/disable power)
SYS.nRESPWRON
SDAT

SCLK

/INT

Copyright © 2016, Texas Instruments Incorporated

Figure 56. OMAP35xx (Supporting SYS-OFF Mode)

11.2.4.1 Design Requirements

Table 18. OMAP - 35xx Power Table

DEVICE REGULATOR VOLTAGE PROCESSOR RAIL NAME SEQUENCE
VDDS_WKUP_BG
DCDC1 1.8V VDDS_MEM; VDDS 1
VDDS_SRAM
DCDC2 1.2V VDDCORE
DCDC3 1.2V VDD_MPU_IVA
LDO1 1.8V VDDA_DAC
VDDS_DPLL_DLL
LDO2 18V VDDS_DPLL_PER 4
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11.2.4.2 Detailed Design Procedure

Using the requirements above follow the procedure from Detailed Design Procedure to design the TPS6507x for

the OMAP-35xx.
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not ramped at that time

ol
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"l

~ <

POWER ONT
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VDCDC1 T
(VDDS_WKUP_BG,
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TPS65073, TPS650731, TPS650732
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can be released HIGH any time
after POWR_ON=HIGH

v

v

\ 4
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v

1170 us #
RC delayl

VDCDC2
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VLDO1 T
(VDDS_DPLL_DLL,

Figure 57. OMAP35xx Sequence (Supporting SYS-OFF Mode)
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11.2.5 TPS650731 for OMAP35xx

DEFDCDC2

DEFDCDC3

VINLDO1/.
SYS OTPU
1uF

H

THRESHOLD r

TPS650731

charger / power path

DCDC1
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DCDC2
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11.2.5.1 Design Requirements

Copyright © 2016, Texas Instruments Incorporated

Figure 58. TPS650731 for OMAP35xx

Table 19. OMAP - 35xx Power Table

DEVICE REGULATOR VOLTAGE PROCESSOR RAIL NAME SEQUENCE

VDDS_WKUP_BG

DCDC1 1.8V VDDS_MEM; VDDS 1

VDDS_SRAM

DCDC2 1.2V VDDCORE 2

DCDC3 1.2V VDD_MPU_IVA

LDO1 1.8V VDDA_DAC 3
VDDS_DPLL_DLL

LDO2 18V VDDS_DPLL_PER
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11.2.5.2 Detailed Design Procedure

Using the requirements above follow the procedure from Detailed Design Procedure to design the TPS6507x for
the OMAP-35xx.

— A
PB_IN
can be released HIGH any time
after POWR_ON=HIGH
>
I |
A |
|
PB_OUT T Ielx‘/el nottcleflilned ﬁs 1
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—ILK not ra%\pedpat thgt time : :
., 1 »
T T N >
— 50ms debounce I 50ms debounce™
| | |
| t T
| | |
| |
T T ;
| 1
POWER_ON : '
I asserted HIGH by the application processor
any time while /PB_IN=LOW to keep the
| system alive
' >
|
VDCDC1 !
(VDDS_WKUP_BG, !
VDDS, VDDS_MEN| I A
| 1
.
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|
|
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1 | .
\ T >
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|
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|
L I .
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VLDO1 ; 1170 ps
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VDDS_DPLL_PER) | I
1 y 5 ;
:300 i :
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(VDDA_DAC) : / enabled by OMAP35xx by 12C command
; »
PGOOD !
(SYS.NRESPWRON |
|
|
; >
ﬁ L
400ms
Figure 59. TPS650731: OMAP35xx Sequence
Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 85

Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS

TPS65070, TPS65072 INSTRUMENTS
TPS65073, TPS650731, TPS650732
SLVS950I —JULY 2009—REVISED MAY 2018 wWww.ti.com

11.2.6 Powering AM3505 Using TPS650732

TPS650732

— L
—_|__10uF

charger / power path

1uF

T

ISET
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set
charge
current
DEFDCDC2 DCDC1 {1 VDDS1-5 (1.8V)
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DCDC2 {1 VDDSHV (3.3V)
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sys VINLDO1/2 al
1uF X
I DCDC3 L1VDD_CORE (1.2V)
1500mA
S LDO2 £1VDDS_DPLL (1.8V)
ON/
N l 200mA
L1 VDDA1P8V(1.8V,
AD_IN1 (TSX1) LDO1 1 ( )
> 200mA
AD_IN2 (TSX2
AD_IN3 (TSY1)
AD_IN4 (TSY2)
X |s[x[x[=
=3 ~ [~
=3 N R
{1 GPIO (/disable power)
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£1 /INT
TPS79918
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T EN T
:IlNT,LDo
T Vi PS79933
| /Reset sys — 4 | —g—{1VDDA3P3V (3.3V)
r LDO
EN T

Copyright © 2016, Texas Instruments Incorporated

Figure 60. Powering AM3505 Using TPS650732

11.2.6.1 Design Requirements

Table 20. AM3505 Power Table

DEVICE REGULATOR VOLTAGE PROCESSOR RAIL NAME SEQUENCE
DCDC1 1.8V VDDS1-5 1
DCDC2 3.3V VDDSHV 2
DCDC3 1.2V VDD_CORE 4
LDO1 1.8V VDDS_DPLL 5
LDO2 1.8V VDDA1P8V 5
external LDO1 1.8V VDDS_SRAM 3
external LDO2 3.3V VDDA3P3V 6
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11.2.6.2 Detailed Design Procedure
Using the requirements above follow the procedure from Detailed Design Procedure to design the TPS6507x for

the AM505.
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PB_OUT
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POWER_ON
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1
1
T }/
| | >
|
|
1
T | :/
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1
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1
/
I .
f >
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Figure 61. Sequence Using TPS650732 for AM3505

12 Power Supply Recommendations

\j

Power to the TPS6507x can receive power from one of the following three different inputs: AC, USB, or battery.
A signal cell Li-lon battery is recommended for use. A supply from 4.3 V to 5.8 V is recommended for the AC and

USB inputs.
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13 Layout

13.1 Layout Guidelines

As for all switching power supplies, the layout is an important step in the design. Proper function of the device
demands careful attention to PCB layout. Care must be taken in board layout to get the specified performance. If
the layout is not carefully done, the regulators may show poor line and/or load regulation, and stability issues as
well as EMI problems. It is critical to provide a low impedance ground path. Therefore, use wide and short traces
for the main current paths. The input capacitors should be placed as close as possible to the IC pins as well as
the inductor and output capacitor.

For TPS6507x, connect the PGND pin of the device to the thermal pad land of the PCB and connect the analog
ground connection (GND) to the PGND at the thermal pad. The thermal pad serves as the power ground
connection for the DCDC1 and DCDC2 converters. Therefore it is essential to provide a good thermal and
electrical connection to GND using multiple vias to the GND-plane. Keep the common path to the GND pin,
which returns the small signal components, and the high current of the output capacitors as short as possible to
avoid ground noise. The VDCDCXx line should be connected right to the output capacitor and routed away from
noisy components and traces (for example, the L1, L2, L3 and L4 traces). See the TPS6507xEVM users guide
for details about the layout for TPS6507x.

13.2 Layout Example

VIN
oloJo;
VDCDC3
_ EEO 0O
S L3
5 5
S S
EE® 5 5 5
PGND3 - -

Figure 62. Converter Layout Example
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14 Device and Documentation Support

14.1 Device Support

14.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

14.2 Documentation Support

14.2.1 Related Documentation

For related documentation, see the following:
» Texas Instruments, Basic Calculation of a Boost Converter's Power Stage application report
» Texas Instruments, Basic Calculation of a Buck Converter's Power Stage application report

e Texas Instruments, Choosing an Appropriate Pull-up/Pull-down Resistor for Open Drain Outputs application
report

» Texas Instruments, Dynamic Power-Path Management and Dynamic Power Management application report
» Texas Instruments, How to Power the TPS6507x On and Off application report

* Texas Instruments, Powering OMAP-L132/L138, C6742/4/6, and AM18x with TPS65070 application report
e Texas Instruments, TPS6507xEVM user's guide

» Texas Instruments, Understanding the Absolute Maximum Ratings of the SW Node application report

14.3 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 21. Related Links

parts | probucrroroer | oomrnow | JECHMCAL | Tootes | steeomrs
TPS65070 Click here Click here Click here Click here Click here
TPS65072 Click here Click here Click here Click here Click here
TPS65073 Click here Click here Click here Click here Click here
TPS650731 Click here Click here Click here Click here Click here
TPS650732 Click here Click here Click here Click here Click here

14.4 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

14.5 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

Copyright © 2009-2018, Texas Instruments Incorporated Submit Documentation Feedback 89
Product Folder Links: TPS65070 TPS65072 TPS65073 TPS650731 TPS650732



13 TEXAS

TPS65070, TPS65072 INSTRUMENTS
TPS65073, TPS650731, TPS650732
SLVS950I —JULY 2009—REVISED MAY 2018 wWww.ti.com

14.6 Trademarks

OMAP, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

14.7 Electrostatic Discharge Caution

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.

14.8 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

15 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)
TPS65070RSLR ACTIVE VQFN RSL 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65070 =
TPS65070RSLT ACTIVE VQFN RSL 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65070 =
TPS65072RSLR ACTIVE VQFN RSL 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65072
TPS65072RSLT ACTIVE VQFN RSL 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS
& no Sh/Br) 65072 =
TPS650731RSLR ACTIVE VQFN RSL 48 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 650731 =
TPS650731RSLT ACTIVE VQFN RSL 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 650731 =
TPS650732RSLR ACTIVE VQFN RSL 48 2500 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 650732
TPS650732RSLT ACTIVE VQFN RSL 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS
& no Sh/Br) 650732 =
TPS65073RSLR ACTIVE VQFN RSL 48 2500  Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65073 =
TPS65073RSLT ACTIVE VQFN RSL 48 250 Green (RoHS CU NIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65073

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that

lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF TPS650732 :

o Automotive: TPS650732-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 14-Feb-2018
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A +‘ & KO ’«P1ﬂ
Bo W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O of Sprocket Holes
|
T
Q1 : Q2
S Rt
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS65070RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS65070RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS65072RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS65072RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS65072RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS650731RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS650731RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS650731RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS650732RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS650732RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS65073RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2
TPS65073RSLR VQFN RSL 48 2500 330.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS65073RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 1.1 12.0 | 16.0 Q2
TPS65073RSLT VQFN RSL 48 250 180.0 16.4 6.3 6.3 11 12.0 | 16.0 Q2

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 14-Feb-2018
TAPE AND REEL BOX DIMENSIONS
,//T/
4
e ~.
/\g\ /)i\
™~ e
\\“y// . \{//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65070RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS65070RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS65072RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS65072RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS65072RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS650731RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS650731RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS650731RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS650732RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS650732RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS65073RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS65073RSLR VQFN RSL 48 2500 367.0 367.0 38.0
TPS65073RSLT VQFN RSL 48 250 210.0 185.0 35.0
TPS65073RSLT VQFN RSL 48 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

RSL (S—PVQFN—N48)

PLASTIC QUAD FLATPACK NO—LEAD

6.15
— — 5,85
\
PIN 1 INDEX AREA
TOP AND BOTTOM
1,00
0,80
v 0,20 REF.
v nininininininininininin: r
o) - * 0,05 | t
0,00
0,50
48X ) 1 0
s . UUUUuuyuuuuyt
480 | i3
= THERMAL PAD -
) -
) d
) -
D SIZE AND SHAPE
D SHOWN ON SEPARATE SHEET
) -
D) d
) d
) d
3710 ‘ 1 24
AONNNANNANNAT
361 25
| |
0,26
440 J ‘}‘ 48xmono®

SEATING PLANE

4207548 /8 0611

NOTES:

This drawing is subject to change without notice.

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

A
B.
C. Quad Flatpack, No—leads (QFN) package configuration.
D
£

TEXAS
INSTRUMENTS

www.ti.com
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THERMAL PAD MECHANICAL DATA

RSL (S—PVQFN—N48) PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR 1,20 NOM. < >
C0,30 '
1 12 0,75 NOM.
yuuduuduuuugu t
48 13 y
= (-
D) (am
D) (am
) — Exposed Thermal Pad
) ‘/g
D) ]
4,05%£0,10 i) - - -
D) (am
D) (am
3 E —— 1,20 NOM.
- ) 24
NNNNNAINNNNMAN v
36 25
l— 4,05£0,10 —>

Bottom View

Exposed Thermal Pad Dimensions
4207841-4/P 03/13

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

RSL (S—PVQFN—N48)

PLASTIC QUAD FLATPACK NO—-LEAD

Example Board Layout

Example Stencil Design
0.125 Thick Stencil

|
:

I

i

i

|

I
L/

Non Solder Mask Defined Pad

AN

(Note E)
Note D 0,30 |— | —=| [~ 44x0,40 48x0,850,45 T | — |<—44XO 40 ]
LN ]UUUUU'UUUUUUQ__ ﬂ 00000000000 i
48xo,2oj_g ° o0 le] S 4 4840,20 = [ 05/~ | ‘_Eg T
SErtErEe  EoOmE
— | —_ — 1 1 [ c—
0305 S]o o o g 045 =108 [ g
Py ﬂﬂﬂﬂﬂﬂ'ﬂﬂmm * UWUUUH'HUJH
/,L/ J 5|1 0,75 0,9
Pt =7 g8 \ 6,8
N (61% Printed Solder Coverage by Area)

Example Via Layout Design
Via layout may vary depending

""‘\.\ \ on layout constraints
™\~ Example Solder Mask Opening (Note D, F)
N AN
/ 0,10 —— [~ \, (Note ) AN
/ \ — ] |———
/ Ro0 — 085 || 1,0
! N \ -
f + -.
,- \ 16x60,2 —T* © © © ‘
i L ™ Il o o o o
\ { 4,05
\\\ =1 __F\ Pad Geometry o o o o
\ 0.05 J ’ / (Note C) 1,0
\ ) / 0 o o0 ©
N, All Around // | | |
~—— 4,05 ——
AN /
e ) P
___________ 4209046-3/0 03/13
NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC=7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout.
These documents are available at www.ti.com <http: //www.ti.com>.
E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting

recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:
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