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LOW QUIESCENT CURRENT, MULTI-MODE PMIC FOR BATTERY POWERED, ENERGY
HARVESTING APPLICATIONS

FEATURES
* Operating Input Voltage Range: 2.2V to 5V * Input Voltage Recovery Comparator With
« 500-mA Buck-Boost Converter, Stand-Alone Selectable Threshold
Operation or Serial Bus Controlled » Factory Selectable SPI/I2C Interface
 PFM/PWM Operation With Forced PWM Option * -40°C to 85°C Ambient Temperature Range
+ 150 mA LDO e 24-Pin RHF (QFN) Package
e Stand-Alone or Serial Bus (SPI or 12C)
Controlled APPLICATIONS
 Two Power Distribution Switches Powered * Low Power, Energy Harvesting Systems
from Buck-Boost Output « Battery Powered Applications
* One Power Distribution Switch Powered from
the Maximum of Buck Boost or Battery Input = e y 5500
» Two Power Distribution Switches Powered I - > s
from LDO Output = ax >
* One Power Switch Powered from Battery Input ‘ éi% S
* One Power Switch to Connect BB Output to . ?
LDO Output and Improve System Efficiency o o
» Automatic Power Max Function Between ] ey 0o s oo
Battery Supply and Buck-Boost With Smart o N
Capabilities to Maximize System Energy | 2oLk At s e
Management [ e
* Low Power Always-On Bias Supply for H Bk
Microcontroller Sleep Mode With Three — Th__ N
Factory Selectable Options: }{E R
— 10-mA, 100-nA IDDQ Deep Sleep Zero — i
Leakage Current Bias Controller With Pre- Eg"”“’"““s ‘ St
Set Voltage GPIO1.234
— 10-mA, 400-nA IDDQ LDOyn,

— 30-mA, 300-nA IDQQ Buckyn

DESCRIPTION

TPS65290 is a PMIC designed to operate in applications dependent on efficient power management over a wide
range of system load conditions ranging from fractions of a microamp to a few hundred miliamps. The device
operates over a wide 2.2-V to 5-V input-voltage range and incorporates a very low quiescent current always-on
power supply, a 500-mA buck/boost converter, a 150-mA low dropout regulator and 8 power distribution
switches. The always-on supply features three different factory selectable options: 30mA buck converter with
300-nA quiescent current. 10-mA LDO with 400-nA quiescent current and 10-mA Zero IDDQ drop with 100-nA
quiescent current. The buck-boost converter employs PFM/PWM operation with forced PWM option, for
maximum overall efficiency. The switches can be used to support different configurations for the various loads
supported by the TPS65290. For energy harvesting applications, a programmable input voltage monitor is
integrated to allow for connection and disconnection of the different power blocks and switches without the
intervention of the master processor.

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

PRODUCTION DATA information is current as of publication date. righ 2013, Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2013, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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DESCRIPTION (CONTINUED)

To maximize control flexibility, the TPS65290 includes a factory-selectable choice between SPI and I°C
interfaces. To minimize PC board footprint and reduce bill of materials (BOM) components and cost, the PMIC
internally includes resistive dividers (boost/buck, LDO, V,y monitor); I°C pull-up resistors; SPI pull-down resistors;
boost/buck compensation; and interrupt pull-up resistor. Only low-cost ceramic capacitors and power inductors
are needed to complete a comprehensive multi-rail solution for efficient flow meter, handheld industrial, fithess
and other long-term data-acquisition systems.

ORDERING INFORMATION

DEVICE FEATURES
MARKING ZERO PART NUMBER
TPS65290 LEAK LDOwint BUCK i SPI 12C GPIO
i i TPS65290ZBRHFR | reel of 3000
with zero bias | pgeeoq07p8 N N
IDQQ TPS65290ZBRHFT reel of 250
) TPS65290LMRHFR | reel of 3000
with LDOyn TPS65290LM v v
TPS65290LMRHFT reel of 250
] TPS65290BMRHFR | reel of 3000
with buckyn TPS65290BM v v
TPS65290BMRHFT reel of 250
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A 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.
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TYPICAL FLOW METER APPLICATION
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FUNCTION BLOCK DIAGRAM
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FUNCTIONALITY

POWER SAVING OPTIONS

BLOCK - :
Reg Bit Reg Bit
Enable [0] [0] PFM/PWM mode [3] [6]
Buck boost Set voltage [3] [0,5]
UVLO disable [3] [5]
Enable 0 1
LDO [0] [1]
Set voltage [4] [0,4]
Zero drop, LDOyn;,
BUCKyn Set voltage [2] [0,3]
BUCK, low and high ) .
currenzﬂmode 9 Operation Mode [2] [5,4] Low current mode (for standby operation) [2] [5,4]
Latch on turn-off [3] [7] . .
MAX - See Vyax options section
Turn-on options [6] [6,7]
Set falling voltage [6] [5,3] . [8] [0]
Recovery comparator — Enable/Disable
Set rising voltage (6] [0,2]
[0] [2,7] Enable/disable pull-down [5] [1,7]
] Enable (BB, LDO, BAT, Vyax)
Power switches [7] [1] Fast/slow turn-on [5] [0]
Enable (PWR_BB_LDO) 7] [0]
Interruption . Power switches automatic disable when INT
management (INT) INT status and masking [7] [2,7] asserted [8] [1,7]
Bandgap Enable/disable [4] [5]
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Product Folder Links: TPS65290


http://www.ti.com/product/tps65290?qgpn=tps65290
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBY5B&partnum=TPS65290
http://www.ti.com/product/tps65290?qgpn=tps65290

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65290

SLVSBYS5B —APRIL 2013—-REVISED JUNE 2013

PIN OUT
RGE PACKAGE
(TOP VIEW)
- = @
$ X o 83 g &
o o & o o = o
0 o 4 @© @ @& ]

©
=
00
=
3
[ 5 ]
=
(2]
=
N
w

INT PWR_BB2
MISO CE
cs RHF 24 PIN VMICRO
SCL/SCK [[9 ] AeND
MOSI/SDA PWR_LDO2

[~ ]

A [ ]
(=]

omn [ > ]
(o]
(=]
~]

NIA dMd

XVAA dMd
NI Oa1

1no oal
10T dMd

TERMINAL FUNCTIONS

NAME NO. /10 DESCRIPTION
PWR_VIN 1 (0] Power for system output from Vin
VIN 2 | Battery supply
PWR_VMAX 3 (0] Switch Controlled supply connected to VMAX. Decouple with a ceramic capacitor
VMAX 4 (0] This pin shows the maximum of VBAT or VBB. Decouple with a 1puF ceramic capacitor
LDO_IN 5 | LDO input. Decouple this pin with a 2.2pF ceramic capacitor
LDO_OuUT 6 (0] LDO output. Decouple this pin with a 2uF ceramic capacitor
PWR_LDO1 7 (0] Switch Controlled supply connected to LDO output. Decouple with a ceramic capacitor.
PWR_LDO2 8 (0] Switch Controlled supply connected to LDO output. Decouple with a ceramic capacitor.
AGND 9 Analog ground connection. Connect to PGND and power Pad.
VMICRO 10 (0] Microcontroller supply
CE 11 When low the PMIC is in deep sleep and BIAS supply to the micro is enabled. The Interrupt output is
| disabled with a pull down termination. When high, the 12C/SPI is active; the internal switches can be
operated, along with the interrupt logic, and Boost/Buck.
PWR_BB2 12 (0] Switch Controlled supply connected to BB output. Decouple with a 1pF ceramic capacitor.
BB_EN 13 | Buck-Boost converter enable pin
PWR_BB1 14 (0] Switch Controlled supply connected to BB output. Decouple with a 1puF ceramic capacitor.
BB_OUT 15 O Buck-Boost converter output
BB_LX2 16 (0] Buck-boost Boost converter switching node
PGND 17 Power ground connection. Connect to AGND and power pad.
BB_LX1 18 (0] Buck-boost Boost converter switching node
BB_VIN 19 | Input pin to Buck-Boost converter
INT 20 (0] Push-pull output, asserted when low
MISO 21 (0] Serial Data Transmit interface (Master Input Slave Output)
CS 22 | SPI bus Chip Select (active high) when SPI enabled
SCL/ SCK 23 | Serial Data Clock (SPI and 12C)
MOSI/SDA 24 | Serial Data Receive interface (Master Output Slave Input) for SPI and 12C

Copyright © 2013, Texas Instruments Incorporated
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TERMINAL FUNCTIONS (continued)

NAME NO.

110

DESCRIPTION

POWER PAD

IC.

Connect the pad to AGND, PGND and PCB GND. Thermal pad does not have electrical connections to

OUTPUTS AND OPERATIONAL RANGE

TYPE Vour (V) DEFAULT lo MAX SET ACCURACY FEATURES
(mA)
Buck Boost 1.0-5V, ~200mV steps 4.06V 500 3%
LDO 0.8V for external divider 1.0-4.0V,~ 2.8V 150 1%
100mV steps
0.6-2.0V Selective Firop from battery Vin-1.4 10 10% at 25°C No IDQQ
voltage, 8 steps adjustment
Low bias supply 1.8-3.3 V 200mV steps 2.2v 10 5% Low Iqq LDO
1.8-3.3V 200mV steps 2.2V 30 5% Low Igq Buck
Power switches powered | PWR_BB1 Disabled 800 100 mQ switch 1kQ pull-down Single P
from BB output PWR_BB2 350 600 mQ switch, | mosfet
Power switches powered . ) 1kQ pull-down Single P
from VMAX PWR_VMAX Disabled 250 600 mQ switch, mosfet
PWR_LDO2 250 N i
) — Disabled 600 mQ switch, 1kapuII down Single P
Power switches powered | PWR_MICRO_LDO NA mosfet
from LDO output .
PWR_LDO1 Disabled 250 300 mQ 1KQ pull-down Single P
mosfet
Power switch connecting . 1kQ pull-down Back to back
output of BB to LDO PWR_BB_LDO Disabled 250 1.0Q P mosfets
Power switch powered . . 1kQ pull-down Single P
from battery PWR_Vin Disabled 100 1.0Q mosfet
1.7-2.4V 100mV steps falling edge 2.0V
Recovery comparator — NA 3%
2.4-3.1V 100mV steps rising edge 2.4V
) . Configurable for turn-on and
MAX (Analog multiplexer) | Highest of BB and LDO NA 150 NA turn-off operation
All switches disabled
INT (maskable) by interruption

ABSOLUTE MAXIMUM RATINGS @

over operating free-air temperature range (unless otherwise noted)

BB_VIN, BB_OUT, BB_FB, LDO_IN, PWR_BB2. PWR_VMAX -0.3t07 \
BB_LX1, BB_LX2 -1to7 \
Any other pin -0.3t0 5.5 \%
AGND, PGND -0.3t00.3 \
T; Operating junction temperature range —40 to 125 °C
Tste Storage temperature range —55 to 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.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
BB_VIN, .
VBAT Input operating voltage BOOST CONVERTER 1.8 3.6 5 Y
LDO_VIN Input operating voltage LDO (Voyt = 2.8V) 3 5 \%
Ta Ambient temperature -40 125 °C
8 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
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ELECTROSTATIC DISCHARGE (ESD) PROTECTION®

MIN MAX UNIT
Human body model (HBM) 2000 \%
Charge device model (CDM) 500 \%
(1) SW_OUT1/2 pins’ human body model (HBM) ESD protection rating 4 kV, and machine model (MM) rating 200V.
DISSIPATION RATINGS
PACKAGE 81c ("C/W) 81a (CCIW) PowTe/? %a%t?ng (W) PowTa/? &gt?ng (W)
RHF 29 30.6 3.26 1.30
ELECTRICAL CHARACTERISTICS
T, =-40°C to 125°C, Vgt = 3.6 V (unless otherwise noted)
PARAMETER | TEST CONDITIONS MIN TYP MAX UNIT
INPUT SUPPLY UVLO AND INTERNAL SUPPLY
Vear :anpeurta;/iglrtlzgl;e range for all blocks to be 29 5 v
Zero bias mode 100
) LDOyn mode 400
Quescent carent MR M HOCS [ o -
CHIP_EN=0 Vjn = 3.6V LDO enabled 5
VN = 3.6V, BB enabled Vgg oyt = 4.5V 40
PFM mode
RECOVERY VOLTAGE COMPARATOR
Threshold voltage serial interface Rising Viy 8 steps 0.1V threshold 2.4 3.1
COMPrviever selectable Falling V,y 8 steps 0.1V threshold 1.7 2.4 v
IN
COMPRyaccuracy Comparator accuracy 3 %
I00couery Buck boost enabled 10 uA
Buck boost disabled 10
ENABLE PINS (CE, BB_EN)
\ Enable high Vmicro = 2.2 TO 2.8V 1.2 \%
Vi Enable Low Vmicro = 2.2 TO 2.8V 0.4 \%
BUCK-BOOST (BB)
Vin Input voltage range 1.8 5 \%
Start-up voltage, no load VBB<4.5 -40°C < To < 85°C 18
VINsTART UP \
Start-up voltage, no load VBB>4.5 -40°C £ Tp, £85°C 25
The minimum input voltage in which the
VINsystan® buck-boost converter sustains it's -40°C £ T, £ 85°C 1.8 Vv
operation after starting up
DC output accuracy (PWM mode) T;=25°C -3 3
VBB Maximum line regulation Vin = 310 3.6V Igyt = 300mA 0.5 %
Maximum load regulation lo = 100 to 500mA 0.5
VBBGOUTRANGE 29 steps 0.1V from 1 to 5V 1 5 \%
f Oscillator frequency 1600 kHz
DUTYguyck_min Minimum duty cycle in buck mode 25 30 %
Average high side switch current limit ViN=3.6V, Ty=25°C 2400 mA
lsw High side switch on resistance ViN=3.6V, Ty=25°C 120 mQ
Low side switch on resistance ViN=3.6V, Tp=25°C 120 mQ
tsTr g8 Startup time lout = 150mA, Cour = 2X 4.7uF, Vour = 4.0V 500 us
LDO
Vioo In Input voltage range Full load operation 2.2 \%
Vb0 ouT_RANGE 32 steps 0.1V from 1 to 4V 1 \%

(1) Specified by design.
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ELECTRICAL CHARACTERISTICS (continued)
T, =-40°C to 125°C, Vg7 = 3.6 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vioo our accuracy  DC output accuracy Vin :_3.6v, Vour = 2.8V, T = -40°C to 125°C 4 4 %
- lLoad = SMA
LDOyine_REG Line regulation 3.3V V<6V, Vour = 2.8V, lgyr = 5mA -1 1 %
LDO, oap_RreG Load regulation Viy = 2.2~5V, 0 < lgy7 < 110mA -2 2 %
Dropout voltage- allow for 5% output
Voroop Voltgge droopg o outp Viy = 3.6~6V, 0 < loyr < 150mA 300 mv
ICL Output current limit Vipo_our = 2.8V, output voltage shorted 300 mA
PSRR Power-supply rejection ratio 10 kHz Vipo_our = 2.8V, Vi = 3.1V, 150mA loading 28 dB
tsTRLDO Startup time, bandgap already enabled Cout = 2.2UF, Vour = 2.8V, no load 200 us
MICRO BIAS CIRCUIT (Different options)
Zero Leak Adjustable Bias (TPS65290ZB)
Vin Input voltage range 2.2 5 \%
Vmicro_MIN Minimum output voltage 13 \%
Voltage difference between VBAT (pin#4
Veias prop A (Pin#4) | 9 200mV drop steps from 0.6 to 2V 0.6 2.0 v
Vour DC output accuracy measured by T, = +25°C, IOUT = 1pA, BAT=3.6V 410 10 %
Veias_brop-
. lout = 100nA-10mA | T; = +25°C, BAT = 3.6V, o
ZERO\ oap REG Load regulation VMICRO[3:0] = 0000 15 %
Low IDDQ LDO, aka LDOyy; (TPS65290LM)
Vin Input voltage range 2.2 \%
VLbo_RANGE 16 steps 0.2V from 1.8 to 3.3V 1.8 3.3 \%
Vout DC output accuracy T;=+25°C, V|y = 3.6V, oyt = 1pA -5 %
LDO, oap_RreG Load regulation 1pA £ oyt £ 10mA -5 %
Dropout voltage— allow for 5% output _ _
Vbroor voltage drop at Voroop. Vout = 2.2V, loyr = 10mA 300 mV
ICL Output current limit Vipo_our = 2.8V 20 50 mA
BUCKn Internal Converter Hysteretic (TPS65290BM)
Vin_BM Input voltage range 2.2 5 \%
ILoad_BM Output load range 30 mA
Fsw au®@ Buckyns Switching frequency Lew = 33uH, Cay = 1uF, ESR_Cpu = 10, 5 Hz
- No load
T; = +25°C, Lgy = 33pH, Cgy = 1pF,
Ipk_ino® Peak inductor current ESR_Cgy = 1Q, Vi = 3.6V, Vour = 2.5V, 80 mA
lout = 30mMA with high-power mode
T; = +25°C , Lgy = 33uH, Cgy = 14F,
Ipk_inp_sTarTUP® Peak inductor current during start up ESR_Cgy = 1Q, V| = 3.6V, Vour = 2.5V, 140 mA
louT = 30mA with high-power mode
@ . T; =+25°C, V|y = 3.6V, Vour = 2.5V), o
Vem_RippLE Ripple voltage Liw = 33uH. Cay = 1UF, ESR_Cgy = 10, 5 %
POWER SWITCHES
Distribution switch on resistance from
PWR_BB1 BB_OUT to pin PWR_BB1 (Single P ViNn=3.6V, Vgg = 4.5V, Ty =25°C 100 mQ
Mosfet)
Distribution switch on resistance from
PWR_VMAX_ VMAX to pin PWR_VMAX (Single P Vin = 3.6 V, Vgg = 4.5V, Tp = 25°C 600 mQ
Vimax
Mosfet)
Distribution switch on resistance from
PWR_BB2 BB_OUT to pin PWR_BB2 (Single P ViN=3.6V, Vgg=4.5V, Ty =25°C 600 mQ
Mosfet)
Distribution switch on resistance from
PWR_LDO1 LDO_OUT to pin PWR_LDO1 (Single P Vin=3.6V, Vipo =28V, Ta=25C 300 mQ
Mosfet)
Distribution switch on resistance from
PWR_LDO2 LDO_OUT to pin PWR_LDO2 (Single P Vin=3.6V, Vipo =28V, Ta=25°C 600 mQ
Mosfet)

(2) Specified by design.

10

Submit Documentation Feedback

Product Folder Links: TPS65290

Copyright © 2013, Texas Instruments Incorporated



http://www.ti.com/product/tps65290?qgpn=tps65290
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBY5B&partnum=TPS65290
http://www.ti.com/product/tps65290?qgpn=tps65290

13 TEXAS

INSTRUMENTS

www.ti.com

TPS65290

SLVSBYS5B —APRIL 2013—-REVISED JUNE 2013

ELECTRICAL CHARACTERISTICS (continued)
T, =-40°C to 125°C, Vg7 = 3.6 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Distribution switch on resistance from
Egvg—M'CRO— LDO_OUT to pin VMICRO (Single P Vin= 3.6V, Vipo = 2.8V, Ta = 25°C 600 mQ
Mosfet)
Distribution switch on resistance from VIN _ .
PWR_VIN to pin PWR_VIN (Single P Mosfet) Vin=3.6V, Ta =25°C 1000 mQ
Distribution switch on resistance (internal
PWR_BB_LDO use only) from BB_OUT to LDO_OUT pin | Viy=3.6 V, Vgg = 4.5V, Tx = 25°C 1000 mQ
(Back to back P Mosfet)
R Pull-down resistance (Connection 12 KO
PULLDOWN selectable by EEPROM bit) :
LOGIC LEVEL OUTPUTS (INT, MISO)
VoL Output level low Vmicro = 2.210 2.8V, ljgag = IMA 0.4 \%
Vo Output level high Viicro =2.2 10 2.8V, ligag = 1MA VM'CR&; v
LOGIC LEVEL INPUT (CS, MOSI, CLK, SDA SCK )
) _ 0.67 *
Vy Input high level Vmicro = 2.2 to 2.8V v, \%
MICRO
_ 0.33*
Vi Input low level Vmicro = 2.2 t0 2.8V \Y
Vmicro
Vhys Input hysteresis 10 mvV
Pull-up resistor to VMICRO
ReutLue When 12C mode enabled 10 kQ
Pull-down resistor to GND
ReuLLoown When SPI mode enabled 100 kQ
THERMAL SHUT-DOWN FOR BUCK BOOST CIRCUIT
TrriP_BB 141 °C
THYST_BB 12 °C
CENTRAL THERMAL SHUTDOWN
Trrip_IC Thermal protection trip point Rising temperature 160 °C
Thyst Ic Thermal protection hysteresis 20 °C
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TYPICAL CHARACTERISTICS (BUCK BOOST)
T, = 25°C (unless otherwise noted)

Figure 1. Buck Boost Startup Waveform with 12C Command

Ch1: BB output. Ch2: ]2C SCLK turns on buck-boost, Ch3:

VMICRO. Startup time is 330us. Buck Boost L and C are per
application circuit.

Figure 3. Buck Boost Line Regulation, Boost Mode

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
0 50 100 150 200 250 300 350 400 450
lo(mA)

Figure 5. Buck Boost Efficiency V\y = 2.5V, Vg = 4.5V

Gl Pox
ety
Cuns? Pos
1

Figure 2. Buck Boost Startup Waveform with BB_EN Pin
Command
Ch2: BB output. Chl: BB_EN signal. Ch3: VMICRO. Startup
time is 330ps. Buck Boost L _atmd C are per application
circuit.

100%
90%
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70%
60%
50%
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Figure 4. Buck Boost Efficiency V|y = 3.6V, Vg = 4.5V

100%
90%
80%
70%
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50%
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lo(mA)

Figure 6. Buck Boost Efficiency V|y = 3.6V, Vg = 2.8V
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TYPICAL CHARACTERISTICS (BUCK BOOST) (continued)
T, = 25°C (unless otherwise noted)

Load Regulation Vin=3.6V, Vo=4.5V PFM mode Load Regulation Vin=3.6V, Vo=2.8V PFM mode
4.50 2.83

aas N\ 2.82 \
\ 281
4.46
4.44 \\ 2.79 l \
\ 278 1\

4.42 \
\ 2.77

4.40 -—— 576
\/*\
4.38 275
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
lo (mA) lo (mA)
Figure 7. Buck Boost Load Regulation Figure 8. Buck Boost Load Regulation

Buck Boost Loading 85°C Ambient Vgg < 4.5V

|

& L]

= ‘ N
18 20 22 25 — 43‘1 - i =
2 30 36 40 45 ¢ 82023 55 30 36
Vin Vi ek
18 20 2.2 25 3.0 36 4.0 4.5 5.0 - — u -
1| 500 | 500 | S00 | 500 | 500 | 500 | 500 | 500 | 400 2T A a0 1 Ao d 98 L 89 ] =

1 400 500 500 500 500 500 500 400 200
2 300 400 500 500 500 500 500 500 300

2 300 300 500 500 500 500 500 500 500
24| 500 500 500 500 500 500 500 500 500

3| a00 | s00 | s00 | soo | s00 | soo | soo | soo | s00 241 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 400
34| 400 500 500 500 500 500 500 500 500 3 | 500 500 500 500 | 500 500 500 500 400
37| 400 500 500 500 500 500 500 500 500 34| 500 500 500 500 500 500 500 500 400
4 | 400 500 500 500 | 500 500 | 500 | 500 500 37| s0 300 | 300 | 400 | S00 | 500 | 500 | 500 | 400
45| 400 | 400 500 500 500 500 | 500 | 500 500 4 | 100 | 200 | 200 | 300 | 300 | 500 | 500 | 500 500

45| 100 50 200 | 200 | 300 | 300 | 400 | 500 | 400

Figure 9. Buck Boost Loading Figure 10. Buck Boost Loading
25°C Ambient Vgg < 4.5V -40°C Ambient Vgg < 4.5V
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TYPICAL CHARACTERISTICS (BUCK BOOST) (continued)
T, = 25°C (unless otherwise noted)

SSooo 600
500
500
o | ;E? 400
£ 300 + 300
ey >
g 2 200
100
: 100
0 i
18 4 —_—= s <
022 25 30 35 49 46 - o 0
Vin 22 25 30 36 40 45 50
18 20 22 &5 3.0 36 4.0 4.5 5.0 Vin(V)
1| 40 | 500 | 500 | s00 | 500 | S00 | s00 | 400 | 200
2 | 300 | 300 | 500 | 500 | 500 | 500 | 500 | 500 | 500
24| 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500 | 500
3| 500 | s00 | s00 | s00 | s00 | s00 | s00 | s00 | 500
3a4] 500 | 500 | 500 | 500 | S00 | 500 | 500 | 500 | 500
37| 500 | 500 | S00 | S00 | S00 | S00 | 500 | S00 | 500
4 | 400 | 500 | s00 | S00 | S00 | sS00 | S00 | SO0 | 500
4.5 200 200 300 300 400 500 500 500 500
Figure 11. Buck Boost Loading Figure 12. Buck Boost Loading
-10°C Ambient Vgg < 4.5V 25°C Ambient Vgg > 4.5V
600 600
500 I /
7 < 400 — 7
—_ P £ N
< 400 = 0 ] \/
£ 300 2
=}
3 0
= 200 22 | 25|30 | 36|40/ 45 50
100 loading| 200 | 200 | 300 | 400 | 400 | 200 | 500
0 Vin(V)
22 25 30 36 40 45 50
Vin(V)
Figure 13. Buck Boost Loading Figure 14. Buck Boost Loading
85°C Ambient Vgg > 4.5V -10°C Ambient Vgg > 4.5V
600
500
< 400
§_ 300
5
o 200 Vg N
100 i
0
2.2 2.5 3.0 3.6 4.0 4.5 5.0
Vin(V)
Figure 15. Buck Boost Loading
-40°C Ambient Vgg > 4.5V
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TYPICAL CHARACTERISTICS (LDO)

T, = 25°C (unless otherwise noted)

LDO Vout Accuracy vs Temperature
VIN=3.6V, VOUT=2.8V (typ)

4 I —
: ——lcad=sma ||
== |pad=0.1mA4
2 — —lload=100ma |
. Iload=140ma
z 1 —#—lload=150mA|]
BEAN] - — Jﬂ
] A ——
.:.;_1 //
_2 ,/
3 /
4
40 -25 10 5 20 35 50 65 80 95 110 125

Temperature (C)

Figure 16.

Load Regulation
VIN=3.6V, VOUT=2.8V

\
n

Value () Axis Title

% Vout drop

'
=]
o

——T=-40C

——T=L7C

—=— T=8&C
T=125C

-3.0 {f

EXR

-4.0
g0 =] 120

Load (mA)
Figure 18.

Ch1 Offset

0.0y

Ch1 Scale

Figure 20. LDO Startup Waveform with 12C Command
Ch1: LDO output. Ch 2: 12C SCLK, Ch3: VMICRO, Ch4: VIN
current. Startup time is about 200us.

ICL{mA)

LDO Short Current Limit vs VIN
VOUT=2.8V before short

500
400
| | ——#s5s
300 i ——
s g
o= v
200
=
Walue () Axis Major Gridlines |T"4DC
——T=270C
100
—=— T=85C
T=125C
0 [
22 25 28 31 34 37 4 43 46 49 52 55
LDO Input Voltage (V)
Figure 17.
Line Regulation Vo=2.8V, lo=5mA
2.85
2.84
2.83 = —
. —
280 — |
s 281
g 2.8
5> 279
2.78
2.77
276
2.75
3 35 45 5 55 6 6.5
Vin(V)
Figure 19.

Figure 21. LDO Load Transient Response (0 to 150mA)
Ch1: LDO output (10mV/div). Ch4 Load current (20mA/div).
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TYPICAL CHARACTERISTICS (LDO) (continued)
T, = 25°C (unless otherwise noted)

- o
Chl Odisel
. 40
Chl Seale 35
10 8m¥.
30
25
20
15
10
5
0
1 10 100 1000 10000 100000
Figure 22. LDO Input to Output Voltage Figure 23. LDO PSRR(dB), 10 to 100kHz LDO output = 2.8V,
Ch1: LDO output. Ch 2: LDO input, Ch3: Ch4: LDO current LDO input ='3.1V, 150mA loading.
Main LDO IDDQ
8.0
——T=400
—#=T=27C
—m—T=85C
7.0
g
Feo .’/__k
z
5.0
) *
4.0
2.2 3.3 14 5.5
LDO INPUT Voltage (V)
Figure 24.

TYPICAL CHARACTERISTICS (LDOyyy)
T, = 25°C (unless otherwise noted)

LDOmini Vout Accuracy vs Temperature LDOmini Short Current Limit vs VIN
VIN=3.6V, VOUT=2.2V (typ) VOUT=2.2V before short
2 50
1
0 & ¢ — 40
B -1 % ""‘h.._.
= 2 — 5085 * = 9.5
5 | ) E
S 3 T g
£ 4 - 20
.
= ——T=40C
8 ——lload=1uA " == T=27C
-6 == |load="1m&4 —_— —= T=85C
7 == |load=10ma T=125C
5 lloac=20maA, 0 [

22 28 28 31 34 37 4 43 46 49 52 53

-40 0 -2 10 & 20 3% &0 85 80 95 110 125 LDO Input Voltage (V)

Temperature (C)

Figure 25. Figure 26.
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TYPICAL CHARACTERISTICS (LDO,,,,) (continued)
T, = 25°C (unless otherwise noted)

LUV minl Load Kegulaton = 95 hois 08 Aug 11 10:57 58
VIN=3.6V, VOUT=2.2V
] —ﬁ!
-2
-4
-6
o \.
]
-
LR i
2 9 || —+—T=-40C
S = T=27C
-14 1 —=— T=85C
-16 H T=125C
Flot Area
-18
-20
0 5 10 15 20 25
Load (mA)
Figure 27. Figure 28. LDOyn Load Transient Response (0 to 10mA)

Ch1: VBAT, Ch3: VMICRO (LDOy, ,outé)_ut) (100mV/div).
Ch4 Load current MB‘mA/ iv).

=D
i Biaet Line Regulation Vo=2.2V, no load
L

2.255
2.250

— 2.245

2

S 2.240

Q

S 2.235

>
2.230
2.225
2.220

3 35 4 45 5 55 6 65
Vin(V)
Figure 29. LDOyy Startup Waveform with VIN Rising Figure 30.
Input battery connected to 27Q resistor and 1000uF
capacitor Chl: VBAT rising. Ch 3: VMICRO (LDOy\; output)
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TYPICAL CHARACTERISTICS (ZERO IDQQ)
T, = 25°C (unless otherwise noted)

Zerolddg Output Voltage vs. Load.
Code 4. 1.4V drop. VIN=3.6V.

38 ——T=40C
——=T=27C
o8 —=— T=85C
T T=125C
25 |
000 A N
Ed S
o
€ 23 E—
g ] K
=
> ﬁ
20 i =
18 IJ
increasiry; *“ljmerature
15 i
0.1 1 10 100 1000 10000
lload {uA)
Figure 31. Figure 32. ZEROiddq Load Transient Response (0 to 10mA)

Code 4, 1.4V drop. Ch1: VBAT, Ch3: VMICRO (LDOwni
output) (100mV/div). Ch4 Load current (10mA/div).

IC Leakage, BB_EN=0, CHIP_EN=0,
ZEROIDDQ mode code 4.

1000.0
_'_'_'_'___'_'_'___,—ol
800.0 — e
£ 6000
f =
g
-
4000 ——T=-40C
—=T=27C
200.0 —=—T=85C
. —
0o hd
22 33 44 55
VBAT Voltage (V)
Figure 33. ZEROiddq Startup Waveform with VIN Rising Figure 34.
Code 4, 1.4V drog Ch2: VBAT rising. Ch 3: VMICRO
(ZEROIDDQ output
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TYPICAL CHARACTERISTICS (BUCK )
T, = 25°C (unless otherwise noted)

Figure 35. BUCK i Efficiency Figure 36. BUCKM|N| Efficiency
Co = 1yF, ESR = 1Q, L = 33uF Automatic Mode Co = 100pF, L = 33uF Automatic Mode

Utilties  Help Fie Edt Vertical HorizfAcy  Irig lay Cursors Meagre Masks  Math MyScope Utiities  Help

ek U s 45 09 Ap 4
ek Aun Hi Res

jsplay  Cursors  Meagire Masks  [Math  MyScop

Fle Edt Wertical Horizfcq  Trig
Ch1 Scale

mininin

50.0mY

Figure 37. BUCKy,\ Transient Response Figure 38. BUCKn; Output Ripple
Vy = 3.6V, Vo = 2.5V 0-50mA Step VN = 3.6V, Vg = 2.5V, Ig = 50mA

Load Regulation BuckMini Vin=3.6V

2.34

2.32

2.30
= 2.28
g 2.26
§ 2.24
> 222

2.20

2.18

2.16

0 10 20 30 40 50 60
lo(mA)
Figure 39. BUCKn; Output Ripple Figure 40. BUCKn; Output Ripple
Vin = 3.6V, Vo = 2.5V, lo= 50mA Vin = 3.6V, Vo = 2.5V, lo= 50mA
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TYPICAL CHARACTERISTICS (BUCKy,\) (continued)
T, = 25°C (unless otherwise noted)

BUCKmini Efficiency BUCKmini Output Ripple when Vout=2.5V, Vin=3.6V for
when Vout=2.5V, Low- and High-Power Mode
Vin=3.6V for
100.00% oo
700
_ 600 //
§ % 500
z i
,‘:’ ‘:’ 400
§ 50.00% i /
w 3 ,4—/
200
o _‘,,-./""‘/‘/‘/ y
L]
0'00% 1(.)00507 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00€-02 1.00E-01
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 tontCurent 4]
Load Current (A) i Low-Power Mode Vpk-pk  —<—High-Power Mode Vpk-pk
Figure 41. Figure 42.
BUCKmini Switching e e
Frequency when Buck Mini IDDQ -
Vout=2.5V, Vin=3.6V for
Low - and High - Power o
1000000 40 c
:
N
£ P 4 0.4
g 10000 0.35
c < 03
[ = .
z 0.25
@ 0.2 -
w 0.15 | =
‘,::" 100 0.1 t t i
g 2 3 4 5
2 .
" Vin
1
1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01
=18 =l=2.2 =433
Load Current (A)
Figure 43. Figure 44.
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TYPICAL CHARACTERISTICS
T, = 25°C (unless otherwise noted)

Buck Mini IDDQ 25°C

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

<
=1

Vin

=—=1.8 =li=2.2 3.3

Figure 45.

(BUCKn) (continued)

Buck Mini IDDQ 85°C

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

<
=

Vin

——1.8 =fi=—2.2 3.3

Figure 46.

TYPICAL CHARACTERISTICS (VMAX)
T, = 25°C (unless otherwise noted)

12410 11 12209

L)

i D set
Y

Ch2 Scal

Figure 47. Typical VMAX Waveforms. Rising BB output.

Ch2 Offest
v

Chiz Seale

Fi
configured for VMAX = VBAT when

ure 49. VMAX waveform. Falling BB output. Switch

B output is disabled.

Ch2 Cifsel
i

Figure 48. VMAX waveform. Falliné; BB outﬁut. Switch
configured for VMAX = l\/_IAé(_(VBb/IATdV Bout) when BB output
is disabled.

ChZ Offest
any

Ch Scale
1y

Figure 50. VMAX waveform. FaIIing BB output. Switch
configured for VMAX = MAX(VBAT,VBBout)-diode when BB
output is disabled. Note: VMAX is not loaded.
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TYPICAL CHARACTERISTICS (VMAX) (continued)
T, = 25°C (unless otherwise noted)

17 Aug 11 17:42:40

Ch2 Offset
0.0y

Ch2 Scale

Figure 51. VMAX waveform. Falling BB output. Switch is configured for VMAX = MAX%/BAT ,BBout). The VMAX comparator
turns off automatically when BBout falls below VBAT at BB turn off.

22 Submit Documentation Feedback Copyright © 2013, Texas Instruments Incorporated
Product Folder Links: TPS65290


http://www.ti.com/product/tps65290?qgpn=tps65290
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBY5B&partnum=TPS65290
http://www.ti.com/product/tps65290?qgpn=tps65290

. F{IE)S(”?FS{UMENTS TPS65290

www.ti.com SLVSBY5B —APRIL 2013—-REVISED JUNE 2013

CHOICE OF TPS65290 VERSION AND SERIAL INTERFACE

Once a voltage higher than 2.2V is applied to the VIN the always on supply will start as per the factory default
setting. This will be the only block available within the device and will always stay on as long as the input supply
does not drop beyond 2.2V.

There are 3 possible choices of always on supply. The main parameter for choice is the “efficiency” of the supply
during sleep mode, mostly processor current.

Vin

) BB_OUT

i [20/5P1) Buck boost
ENBB 4 } » PWR_BB1
! LL [ i2c/spr 4 -
GPIO3
bty 5 »
= LL [ 12C/sPI ¥ PWR Vi
MAX GPIO3

v

} » PWR_BB2
Y ——12C/SPI
GPIO4
4 VMAX l %205}”
A |

LDO_IN » LDO_OUT

LDO » PWR_LDO1
12cisP, ﬁ\zc/swl 4 -

GPIO2

CE

Gl » PWR_LDO2

GPIO2

—>| Zero Leak Adjustable Bias Eﬁ 12C/SPI
20151 TPS652902B GPIO1 ) VMICRO
4 N
> Low 1QQ Ido
woe? TPS65290LM
12CISPI Buck Mini
) TPS65290BM
Vi ﬁ EN' ﬁf 12C/SPI » PWR_Viy
253 sr INT management
« INT
Control options Serial Interface
12¢ N GPIO control
SPI
GPIO1,2,3,4
Always on

Figure 52.

Zero Bias set to V|\-1.4

» Takes the least amount of quiescent current

» Provides voltage drops from 0.6 to 2V in 200mV steps
* Is not a regulated output

e Can be programmed to zero drop or to open circuit

* 10mA max

LDOyn Set to 2.2V

» Provides a regulated output

* Can be programmed from 1.8 to 3.3V in 100mV steps
e 10mA max

BUCKyn Set to 2.2V

» Provides a regulated output

e Can be programmed from 1.8 to 3.3V in 100mV steps
e 30mA max

* Output has a ripple content

* Requires additional inductor (0603) and resistor (0402) PWR_AUX2 switch is disabled (pin becomes
switching node)
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The chosen serial interface for the part is SPI as 12C lines are open drain lines with internal 20kQ pull-up
resistors that guarantees 400kHz operation, but also create power losses when any of the bus lines are low. It is
expected that operation with SPI will produce less average current consumption when compared to 12C. For
I2C/GPIO operation please check with the factory.

FACTORY PROGRAMMED SETTINGS

The following blocks are programmed in the factory.

Buck boost

» Can be enabled or disabled when IC is enabled (can also be enabled with pin 15 high)
e Voltage can be set to

e 1.0to 3.4V, 200mV steps

e 3.51t04.7V, 100mVsteps

e 4.9V, 5.0V

* Forced PWM or PFM (low power mode)

* Input UVLO comparator enabled/disabled. If disabled BB will try to operate with any input voltage higher than
1.8V LDO

e Can be disabled or enabled when IC is enabled
» Output voltage can be set to 1 to 4.0V, 100mV steps

Recovery comparator

» Can be enabled or disabled when IC is enabled

» Falling edge can be set to 1.7 to 2.4V, 100mV. An interruption is generated.
* Rising edge can be set to 2.4 to 3.1V, 100mV. The interruption is released.

Power switches

e Can be enabled or disabled when IC is enabled

» Pull-down resistance can be connected or disconnected when IC is enabled
» Power switches can be disabled when an Interruption is generated

» Switches can be turned on at slow or fast speed
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USING THE TPS65290

Power UP and Enabling the IC

There are two ways of enabling the PMIC by setting the CE or BB_EN pins. If CE IS disabled only the always on
blocks (as per default) and pull-down resistors are enabled by default.

GPIO ——r BUCK-BOOST

Vmicro

cE |
GPIO — PMIC ENABLE

10MQ

Figure 53. Power UP and Enabling the IC

When CE and BB_EN are low the PMIC is in deep sleep and bias supply to the micro is enabled. When high, the
I2C/SPI is active; the internal switches can be operated, along with the interrupt logic, and Boost/Buck. The Buck
boost is enabled either by BB_EN (high) or EN_BB bit (1). BB_EN can be used to enable the buck boost
converter without need of the serial interface.

With the serial interface ACTIVE it is possible to enable, disable AND change settings for the power blocks. All

changes on registers will be kept as long as the input supply is higher than 1.8V. If power is recycled the
registers will be re-loaded with the programmed factory defaults.

Band-Gap Enable (Non EEPROM Setting)

The LDO bandgap is normally disabled to reduce consumption and it is enabled when either of the of LDO,
LDOyni Or BUCKyn blocks are enabled. However, to speed up the power-up timing of the LDO it can be
enabled in advance (register 4, bit 5)

BUCKn Operation (Non EEPROM setting)

LDO_VOUT

WITCH_AUX2
Sl Hl‘: LDO VIN

AUX2

=

—I=

~ N L VMICRO
1

Ty I

Figure 54.
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BUCKyn is @ hysteretic buck converter that can deliver up to 30mA and therefore can be used beyond the sleep

mode operation of the micro. When using this block is important to keep the following in mind:

e AUX2 output is not available as this pin is used to connect the external inductor required by the converter.

» If VMICRO has a ceramic capacitor, it is recommend to add a small resistor (0.5 to 1Q) to guarantee a fixed
ripple value at the output.

* BUCKy does not feature a current limit circuit. Overcurrent protection (if needed) needs to be provided
externally.

 When used to support loads between 100uA to 1mA there is trade-off between input quiescent current and
output ripple. It is suggested to use the settings for low and high power mode (Register 2, Bits [5,4]) to
determine which power mode is most suitable for the application. Plots on the characteristics section show
the typical trade-off between efficiency and ripple.

* BUCKy\ Starts at automatic power selection mode. If loading higher than 100pA-1mA is required, set the
BUCKn; setting to (Register 2, Bits [5,4]) [11] to reduce ripple.

« Once the loading is removed, set (Register 2, Bits [5,4]) [10] to reduce power consumption
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BUCK-BOOST OPERATION

Inductor Selection

To estimate the inductance of the buck-boost converter the following equations can be used:
L1 = (Vin_wax - Vour) X 0.5 X (us/A) (1)
L, = Vour X 0.5 X (us/A) (2

L, is used for step down mode operation . VIN is the maximum input voltage. L, is used for boost mode
operation is calculated. The recommended minimum inductor value is either L; or L, whichever is higher. As an
example, a suitable inductor for generating 3.3V from a Li-ion battery with a battery voltage range from 2.5V up
to 4.2V is 2.2uH. The recommended inductor range is between 1.5uH and 4.7uH. In general, this means that at
high voltage conversion rates, higher inductor values offer better performance.

The table below shows the recommended inductance for input and output voltage combinations. The highest
inductance among the region of interest is recommended.

Figure 55. Recommended Inductance for Input and Output Voltage Combination (uH)

VoutlVin| 1.8 1.9 2| 2.2 235 3| 3.6 4 45 9
1 04| 045 05 06| 075 11 1.3 1.5] 1.75 2
2 1 1 11 0.1] 025 05 08 11 1.25] 1.5
24| 12 12| 12| 12/005 03] 06 08 105 1.3
3| 15 15 15 15 15 15 03] 05| 0.75 1
34| 1.7 1.7 1.7 1.7 1.7 1.7 01| 03 055 038
4 2 2 2 2 p 2 2 2| 0.25] 0.5
4.5] 2.25| 2.25) 2.25| 2.25] 2.25| 2.25| 2.25] 2.25| 2.25| 0.25
9 25| 25| 25| 25 25| 25 25 25 25 25

With the chosen inductance value, the peak current for the inductor in steady state operation can be calculated.
Equation 3 shows how to calculate the peak current I; in step down mode operation and Equation 4 show how to
calculate the peak current I, in boost mode operation.

I our + VOUT (I/INfMAX B VOUT)

=738 eV, o feL o
I = Vour * Lour i V, IN MIN Vour- 1N7M1N)
2 8 e V/Nanv 2. V()UT of o L (4)

In both equations f is the switching frequency. The critical current value for selecting the right inductor is the
higher value of I; and I,. It also needs to be taken into account that load transient and error conditions may
cause higher inductor currents. This also needs to be taken into account when selecting an appropriate inductor.

The table below shows the recommended inductor current rating for input and output voltage combinations with
assumption of 1.6MHz switching frequency, 500mA loading, 3.3pH inductance. The highest current rating among
the region of interest is recommended.

Copyright © 2013, Texas Instruments Incorporated Submit Documentation Feedback 27

Product Folder Links: TPS65290


http://www.ti.com/product/tps65290?qgpn=tps65290
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSBY5B&partnum=TPS65290
http://www.ti.com/product/tps65290?qgpn=tps65290

TPS65290 A UMENTS

SLVSBY5B —APRIL 2013—-REVISED JUNE 2013 www.ti.com

Figure 56. Recommended Inductor Current Rating for Input and Output Voltage Combination with 3.3uH
Inductor, 1.6MHz Switching Frequency and 500mA load (A)

Vout\Vin| 1.8| 1.9 2| 2.2) 2.5 3| 3.6/ 4| 4.5 5
1(0.79/0.79|0.80/0.80|/0.81/0.81/0.82/0.82({0.82|0.82
2|0.85/0.80({0.75/0.77/0.79/0.81/0.83/0.84|{0.85|0.86
2.4(1.04/0.98/0.93|0.84|0.76|0.79|0.82|0.84|0.85|0.86
3[1.3211.25/1.19/1.08/0.94/0.75/0.80/0.82({0.84|0.86
3.4/1.49|1.42|1.35/1.23|1.08{0.88|0.77{0.80|{0.83|0.85

4(1.76|1.67|1.59|1.45|1.29|1.07{0.87|0.75|0.79|0.82
4.5/1.97/1.88/1.79/1.64/1.45/1.22/1.00/0.88|0.75|0.79
5/2.19/2.08/1.99/1.82/1.61{1.36{1.13/1.01{0.87|0.75

Buck-Boost Input Capacitor Selection

A 10uF ceramic capacitor is recommended to improve transient behavior of the regulator and EMI behavior of
the total power supply circuit. A ceramic capacitor placed as close as possible to the buck-boost input pin and
power ground of the IC is recommended.

Battery Input Pin Capacitor Selection

To make sure that the internal control circuits are supplied with a stable low noise supply voltage, a capacitor can
be connected between VIN and AGND. Using a ceramic capacitor with a value of 0.1uF is recommended. The
value of this capacitor should not be higher than 0. 22uF

Buck-Boost Output Capacitor

For the output capacitor, it is recommended to use small ceramic capacitors placed as close as possible to the
BB_OUT and PGND. If, for any reason, the application requires the use of large capacitors which can not be
placed close to the IC, using a smaller ceramic capacitor in parallel to the large one is recommended. This small
capacitor should be placed as close as possible to the BB_OUT and PGND pins of the IC.

To get an estimate of the recommended minimum output capacitance, the following equation can be used.
(5)
A capacitor with a value in the range of the calculated minimum should be used. There are no additional

requirements regarding minimum ESR. There is also no upper limit for the output capacitor value. Larger
capacitors will cause lower output voltage ripple as well as lower output voltage drop during load transients.

Setting Vyax (Non EEPROM Setting)

The operation of Vyax is not set on EEPROM and the switches inside the block can be programmed for specific
conditions such as diode drops, To connect to VBAT, To follow the maximum voltage with its logic enabled or to
follow the maximum voltage and to connect to VBAT when VBB is lower than VBAT and to disconnect the Vyax
logic. The following table shows the options available.
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Table 1. Setting Vyax (Non EEPROM Setting)

REG6_BIT6 REG6_BIT7 REG3_BIT7
OPERATION
VMAXx_DIS VMAXx_EN VMAX_LATCH
Enabled when BB
enabled
BB_OUT,
VBAT BB_OUT
Vuax Switch comparator is enabled when BB is
0 0 0 enabled. When BB is disabled, the switch that
connects Vyax to Vgat is turned on.
Vuax Switch comparator is enabled when BB is
1 0 0 enabled. When BB is disabled, the Vyax
switches are BOTH turned off.
OFF when BB
OFF when BB .
disabled disabled
Enabled when BB enabled
Disabled when BB_OUT <V
VBAT
Vmax Switch comparator is enabled when BB is B;‘>
enabled. When BB is disabled, the comparator VBAT BB_OUT
remains on until BB_OUT goes below Vyx.
0 0 1 Vuax follows BB output until BB output voltage
goes below Vgar voltage. At that point, Viyax
switch comparator is disabled, and Vyax is
connected to Vgat With 0 Iddq static logic.
ON when ON when
BB_OUT <V BB_OUT >Vyyux
Enabled when BB enabled
Disabled when BB_OUT <Vgyr
VBAT
BB_OUT
. . . BB_OUT
Vuax Switch comparator is enabled when BB is VBAT
enabled. When BB is disabled and BB_OUT
1 0 1 drops below Vgat, both switches in Viyax block
are disabled and Vyax will be a diode below
Vgat When BB is turned off.
ON when
OFF BB_OUT >V
Always on
VBAT
BB_OUT|
When VMAX_EN=1 regardless of other bits BB OUT
status, Vyax logic is always ON and monitors VBAT -
VBAT vs. BB_OUT voltage and connect to the
X 1 X maximum voltage. The comparator consumes
about 25pA. VMAX_EN can be set to 1 before
transmission phase and then set to zero at the
end of transmission phase when chip goes to
sleep mode.
ON when ON when
BB_OUT <V BB_OUT >Vgur
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LDO Output Capacitor

A 2.2uH capacitor is recommended to be placed as close as possible to the LDO output pin and AGND . In
particular, a good ground plane for the TPS65290 and the LDO output capacitor is highly recommended to
prevent LDO overshoot during the buck-boost converter operation.

Recovery Comparator (EEPROM Setting)

The recovery comparator is designed to track the operation of a high output impedance battery. When a load is
applied the battery voltage collapses and the input voltage monitor detects the falling edge and issues and
interruption when the programmable falling edge threshold an interruption is generated and the PMIC switches
are automatically disabled as per the choice set in register 8. Once the switches are disabled the loading on the
battery will collapse and its voltage will rise. The recovery comparator will monitor this rising edge (as per the
programmed setting) and will automatically re-start the switches disabled when the battery voltage collapsed.

+— Load applied

30 /,
20
Tnput recovery hen the riging edge

7 comparator threshold is dgtected the
monitors this edge terruption i$ cleared

Voltage (V)

1.0

Tput recovery
comparator
onitors thi

4.0 0

£-0 1.0 2.0 3.0 i Q 6
hen the falling edge . . Power switches can be
threshold is detected an Time (min) programmed to
nterruption is generated disable/enable with INT
assertion

Figure 57. Recovery Comparator (EEPROM Setting)

Thermal Shut Down

TPS65290 has two over temperature sensors. The buck boost temperature sensor is close to the buck boost
power FETs and monitors the power and heat going into the buck-boost block. The central temperature sensor is
monitoring the rest of the chip and its temperature is set at a higher temperature. At the digital core level, outputs
of both temperature sensors are ORed together. The following diagrams show the logic for buck-boost enable
(BB_EN) and power switches. In the example below, the diagram for BB_PWR_PA switch is shown. The same
diagram applies to 1Wire, SEI, AUX1, AUX2, RF, and LDOBB switches.

OTS_BB

OTS_central ors

oTS

EN_BB
Reg00[0]

COMPout BB EN

UVLOdisable . EN_PWR_PA_reg EN_PWR_PA
Reg03[5] EN_BBpin | Reg00[2]
COMPgyout
OTS_BB
EN_PA_SHUTDN | COMPRgyout: output of recovery
Reg08[2] comparator
Figure 58. Thermal Shut Down
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Operation of the IC During RF Transmission at Full Power

For high power output transmission, BB output voltage will power up the power amplifier with a voltage set to 3V
to 5V at buck boost output. Pulse currents of tens to hundreds of mA are common in wireless sensor systems
during transmit and receive modes. These high current pulses place special demands on batteries. Repeated
delivery of pulse currents exceeding the recommended load current of a given chemistry diminishes the useful
life of the cell. The effects can be severe, depending on the amplitude of the current and the particular cell
chemistry and construction. Also the internal impedance of the cell often results in an internal voltage drop that
precludes the cell from delivering the pulse current at the voltage necessary to operate the external circuit.

One method of mitigating these effects is to place a low equivalent series resistance (ESR) capacitor across the
battery. The battery charges the capacitor between discharge pulses, and the capacitor delivers the pulse current
to the load. To determine the required capacitance the following parameters are required:

» Battery impedance (at temperature and state-of-charge)

» Battery voltage (as a function of state-of-charge)

» Operating temperatures

» Pulse current amplitude

* Pulse current duration

» Allowable voltage drop during pulse discharge

The following equations are used to calculate the output capacitance needed to deliver the specified pulse
current of a known duration and the latency time that must be imposed between pulses to allow the capacitor to
be recharged by the battery. Both formulas assume that the capacitor ESR is sufficiently low to result in
negligible internal voltage drop while delivering the specified pulse current; consequently, only the battery
resistance is considered in the formula used to compute capacitor charging time, and only the load resistance is
considered when computing the capacitance needed to deliver the discharge current.

The first step in creating a battery-capacitor couple for pulse-current applications is to size the capacitance using
the following discharge formula:

C=t/Rx[=In (Vi / Viax)] (6)
Where:

C = output capacitance in parallel with battery

t = pulse duration

R = load resistance = Vgyr(average) / Ipulse

Vuin and Vyax are determined by the combination of the battery voltage at a given state-of-charge and the
operating voltage requirement of the external circuit. Once the capacitance has been determined, the capacitor
charging time can be calculated using the following charge formula:

t=RxCx[-In (1 - Vyn/ Vyax) (1)
Where:

t = capacitor charging time from Vyn 10 Vyax

R = battery resistance

C = output capacitance in parallel with battery

Again, Vyn and Vyax are functions of the battery voltage and the circuit operating specifications. Battery
resistance varies according to temperature and state-of-charge as described above. Worst-case conditions are
often applied to the calculations to ensure proper system operation over temperature extremes, battery condition,
capacitance tolerance, etc.

Due to high input impedance of the battery used, a high input capacitor in order of thousands of pF is therefore
placed at battery input to store charge. During the RF transmission phase that takes in order of 5-10msec, the
storage capacitor provides power for transition. The input voltage VBAT is dropping from 3.6V at beginning of
operation to about 2V at the receive time. Main LDO is powered by VMAX, which would be at buck boost output
during this transition. The blocks that would see low voltage operation of VBAT are buck-boost and digital logic.
Buck boost is designed to work down to 1.8V of typical falling input voltage (note: this is for when buck boost was
enabled at higher input voltage, started up successfully and then its input voltage is falling. If buck boost starts
from a disable mode, rising VIN voltage is higher).
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Digital reset (nPUC) is designed for rising VBAT voltage of 1.76V and falling voltage of 1.25V. To prevent digital
logic from reset, the recovery voltage comparator levels should be set higher than falling voltage (i.e., 1.9V).

If recovery voltage is lower, or the feature is disabled, PMIC can be reset. When reset happens, PMIC disables
both main LDO, BB block (if BB_EN=0), and all switches. However, VMICRO function will be still provided. After
digital reset and when all blocks are disabled, the input voltage will rise again, and PMIC starts again with default
register values.

RF transmission voltage at 4.5V

VBAT (3.6V)

COMPRy level
BB_OUT

Figure 59. Operation of the IC During RF Transmission at Full Power
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APPLICATION INORMATION

State Machine

Power ON Reset
Typical rising threshold is
1.8V @ 25°C

Digital Core is operational

Enable Clock, Load EEPROM Load Pulse
Reset=0
UV detect
EN_BB
_| )
Disable Clock N
EN_LDO
Enable Zero Iddq Bias/LDOMINI/ 4’
EEPROM Register File
BUCKMINI
T_rim and
CHIP_EN=0 adjustment
Zero lddq State Wait Mode: PMIC is in deep sleep,
X ASYNC state the outputs are all off, with
Disable VMAX control. VMAX=VBAT terminating resistors enabled . The
Interrupt output is disabled. All
_ functions including the voltage
EN_BB=0 comparator are off.
everse Recovery Comp Logic CHIP_EN=1
Control
Enable VMAX control
12C/SP!I logic, they are ASYNC
designs running by their own
Internal switches can be e
operated, interrupt logic, and
B
Serial Interface
The following pins are allocated to the serial interface:
Table 2. Serial Interface
NO. PIN SPI INTERFACE I12C INTERFACE COMMENT
Can be pulled down to ground with 100kQ
1 SCL/SCK Clock Clock Setting Bit 1, Register 5
Can be pulled down to ground with 100kQ
2 MOSI/SDA Master to slave data Data Setting Bit 1, Register 5
22 INT Interruption pin Interruption pin \F;K/ﬁ?;;ggl interruption output, powered from
1 mA output drive. Can be pulled down to ground
23 MISO Slave to master data | 'Ot USed: COMNECLIO iy 100k0
9 Setting Bit 1, Register 5
24 cs Slave select (active Not used. Connect to | Can be pulled down to ground with 100kQ
high) ground Setting Bit 1, Register 5
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2
3

10kQ
CHIP_EN|

#12C wope
S

y

r
L
—

100kO\—
SCL/SCK
1

L1

100kQ\ - —

State Machine
MOSI/SDA i

Serial
Interface
SPI/N2C

r

1
;

100kQ\~ ~

M-8 =TAMe

MISO
!
l;

n

100kQ\- -

=AM —e

INT
INT MANAGEMENT

Bit 1, Register 5

*12C wooe = Factory configured

Figure 60. State Machine Serial Interface

NOTE
CS level must be low when the device is powered-up . Using SPI the interface should be
powered with Vycro to avoid level shifting issues.
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SPI Interface Timing Diagram

The SPI frequency range is from 32kHz to 10MHz with a minimum voltage of 2.2V. Operation at 1.8V requires a
maximum clock frequency of 5SMHz.

The following figures show SPI write and read transaction timing diagram. It assumes SPI master drives CS and
MOSI at falling edge of SCK clock and SPI slave drives MOSI at falling edge of SCK. It requires enough CS idle
time of at least four SPI clock cycles between transactions. CS idle time means the time CS is low. CS is chip
select and it is active high. SPI master drives CS and MISO at falling edge of SCK and SPI slave samples MISO
data at rising edge of SCK during address phase and data phase of write transaction. SPI host samples MOSI
data at rising edge of SCK. Frame error is used to indicate frame error from the previous transaction. If Frmerr
(frame error) is 1, it indicates the previous transaction does not contain exact 24 clock cycles. The write data will
be ignored if frame error occur.

Cs

SCLK 1 2| |3| |4] |5| |6 7| 8| [9| (10 11| 1121 [13] |14/ 15 |16 (17| 118/ [19] 20 (21| [22] [23| |24

oot (o oo e o :

: oo oo oa o 2ot f o o)

Frame error

SPI read transaction timing diagram
r'wz=1 to read data

MOSI when reading 0x02 register

0000 // 0010 // 1 000 // 0000 // 0000 // 0000

Figure 61. SPI Read Transaction

cs J

SCLK 1 2 (3] |4 5| |6 7| 8| [9| (10 (11| 1121 [13] |14/ 15 |16/ (17| 118 [19| 20 (21| [22] 23| |24 i

wost Y o7 oo | asjas oo {2 o Joo fual o} 0 o {0 f o o o e oo faefen e en oo o

o (oY

Frame error

SPI write transaction timing diagram

riwz=0 to write data

MOSI when writing date to 0x02 register to iridium
0000 // 0010 /7 0 000 // 0000 //

Figure 62. SPI Write Transaction
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Table 3. SPI Interface Timing (Minimum Supply Voltage is 2.2V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tecLk) Cycle time CLK 1 (see timing diagram) 100 ns
tw(cLKH) Pulse duration, CLK high 2 (see timing diagram) 40 ns
tw(cLKL) Pulse duration, CLK low 3 (see timing diagram) 40 ns

Delay time, MISO valid before CLK

tsu(MISO-CLKH) high, CLOAD= 20 pF 4 (see timing diagram) 20 ns
teu(MOS! - CLKH) ﬁizt#p time, MOSI valid before CLK 5 (see timing diagram) 25 ns
Th(CLKH - MOSI) Hglﬁ time, MOS! valid after CLK 6 (see timing diagram) 25 ns
tsu(Cs - CLKH) CS setup rising time to CLK high 7 (see timing diagram) 50 ns
Th(cs - CLKH) CS Hold time falling after CLK high |7 (see timing diagram) 50 ns

CLK

Data out
valid

e

MISO

MOSI

CS — < >

Figure 63. Timing Diagram

12C Interface

The serial interface is compatible with the standard and fast mode 12C specifications, allowing transfers at up to
400kHz. The device has a 7bit address: ‘01010110'. Attempting to read data from register addresses not listed in
this section will result in 00h being read out. For normal data transfer, SDA is allowed to change only when SCK
is low. Changes when SCK 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. Eh data
transfer is initiated with a start condition and terminated with a stop condition. When addressed, the device
generates an knowledge bit after the reception of eh byte. The master device (microprocessor) must generate an
extra clock pulse that is associated with the knowledge bit. The device must pull down the SDA line during the
knowledge clock pulse so that the SDA line is a stable low during the high period of the knowledge clock pulse.
The SDA line is a stable low during the high period of the knowledge—related clock pulse. Setup and hold times
must be taken into count. During read operations, a master must signal the end of data to the slave by not
generating an knowledge bit on the last byte that was clocked out of the slave. In this case, the slave device
must leave the data line high to enable the master to generate the stop condition.
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SCK

SDA /

Data line
stable;
data valid

Change
of data
allowed

Figure 64. Bit Transfer on the Serial Interface

START Condition

Figure 65. START and STOP Conditions

STOP Condition

— — _
so | 4[4 bd A LAL A A10 LAl o B4 4 ]
SDA'T" A5 | A5 (Admna a0 | RWN|AC | | R7 | R6 | RS [wwaR0lAC | D7 | D6 D5|amuD0 °
0 0 0
Start |4 SlaveAddress — | |« Register Address—m{ |4 Data — i

SGTI..;F

[

Figure 66. Serial i/f WRITE to Device

DR

sYiEY

il

4 [4]

3

SDA—*

Stop

i

Start

Repeated

Start

Figure 67. Serial i/f READ Protocol A

ACK and Stop

Stop

A6 |ax A0 |Rw| A€ R7 s RO | A% | Y| a6 [an a0 |[RW AC | D7 |au Do | A€
K K K K
0 0 4] 1 0
) Slave
l«— Slave Address — i | Register 4 Slave Address — it Drives +¢M§ster+
Address the Data Drives
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o -4 B U LA BHDIBBUHR UL

SDA—* A6 |== A0 |RW |ACK| | R7 [==| RO |ACK AH A6 |=d A0 |RW |ACK| D7 |==| DO |ACK +7

0 o 0 1 0
Stop Start Slave Stop

Drives Master
Address -4+—— Slave Address —b—-q—the Data_-"‘_ Drives

ACK and Stop

Start Register

-+—Slave Address —»  -— —

Figure 68. Serial i/f READ Protocol B

tsusTo)

Figure 69. Serial i/f Timing Diagram

MIN MAX UNIT
fmAX Clock frequency 400 kHz
twH(HIGH) Clock high time 600 ns
twLLow) Clock low time 1300 ns
tr SDA and CLK rise time 300 ns
te SDA and CLK fall time 300 ns
- Hold time (repeated) START condition (after this period the first clock pulse is 600 ns

generated)
th(spa) Setup time for repeated START condition 600 ns
th(spba) Data input hold time 0 ns
tsu(sba) Data input setup time 100 ns
tsu(sTo) STOP condition setup time 600 ns
teuF) Bus free time 1300 ns
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Register Tables

NOTE

To access registers: Write 1 to bit 7, register 1

To lock registers write O to bit 7, register 1

Register 0, Block Enable, Address 0O0H

This register enables the buck boost converter, the main LDO and most of the power switches. All options can be
pre-set with EEPROM bits. The enable logic for all switches and power blocks is:

0 Disabled
1 Enabled

Note that the buck boost block can be enabled either by a register OR the BB_EN pin (15) high.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
EN_PWR_VIN_VIN 7 PWR_ON R/W Y 0 Enables switch from VIN to 1WIRE power
EN_PWR_MICRO_LDO 6 PWR_ON R/W Y 0 Enables switch from LDO output to VMICRO
EN_PWR_LDO2_LDO 5 PWR_ON R/IW Y 0 Enables switch from LDO to AUX2
EN_PWR_LDO1_LDO 4 PWR_ON R/W Y 0 Enables switch from LDO output to RF
EN_PWR_VMAX_VMAX 3 PWR_ON R/W Y 0 Enables switch from VMAX output to AUX1
EN_PWR_BB2_BB P PWR_ON RIW v 0 llinme:)t?ilfeigrswitch from BB output to Power
EN_LDO 1 PWR_ON R/W Y Enables LDO
EN_BB 0 PWR_ON R/W Y Enables Buck Boost

Register 1, Rev ID and write protect , Address 01H

Bit 7 must be set to 1 before any other register can be read o write. If set to 0 all registers are locked Bits 0 to 3
are for Tl internal usage to track IC revisions.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
WRITE_EN 7 GLOBAL R/W N N.A. If 1, allows access to Tl internal registers
Revision[3] 3 GLOBAL R N 0 Revision ID
Revision[2] 2 GLOBAL R N 1 Revision ID
Revision[1] 1 GLOBAL R N 1 Revision ID
Revision[0] 0 GLOBAL R N 0 Revision ID
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Register 2, VMICRO_VOUT, Address 02H

Depending on the factory setting, this register sets the voltage drop from battery to Vy,cro for the zero leak bias
or the Vycro set voltage (LDOy i, BUCKy N Options).

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
BMINI[1] BMINI[O]
BMINI[1] 7 BUCKuni R/W N 0 1 o Low power mode
BMINI[O] 6 BUCKwni R/W N 0 1 1 High power mode
RESERVED 5 RESERVED R/W N 0
RESERVED 4 RESERVED R/W N 0
VMICRO_VOUT[3] 3 VMICRO R/W Y 0
VMICRO_VOUT[2] 2 VMICRO RIW Y 1 Zero Leak Bias, LDOyy (only one is set to work as per factory
VMICRO_VOUT[1] 1 VMICRO RIW Y 0 setting)
VMICRO_VOUT[0] 0 VMICRO RIW Y 0
SETTING VMICRO[3] VMICRO[2] VMICRO[1] VMICROI0] LDOwini (V) BUCK i (V) ZERO "(E//;K BIAS
0 0 0 0 0 1.806 1.806 VBAT-0.6
1 0 0 0 1 1.903 1.903 VBAT-0.8
2 0 0 1 0 1.998 1.998 VBAT-1
3 0 0 1 1 2.101 2.101 VBAT-1.2
4 0 1 0 0 2.194 2.194 VBAT-1.4
5 0 1 0 1 2.295 2.295 VBAT-1.6
6 0 1 1 0 2.407 2.407 VBAT-1.8
7 0 1 1 1 2.496 2.496 VBAT-2
8 1 0 0 0 2.592 2.592 VBAT
9 1 0 0 1 2.696 2.696 VBAT
10 1 0 1 0 2.806 2.806 VBAT
11 1 0 1 1 2.885 2.885 VBAT
12 1 1 0 0 2.969 2.969 VBAT
13 1 1 0 1 3.058 3.058 VBAT
14 1 1 1 0 3.152 3.152 N/A
15 1 1 1 1 3.254 3.254 Disconnect
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Register 3, BUCK-BOOST_VOUT, Address 03H

The buck boost voltage is set with this register (bits 0 to 4) which can be set by EEPROM.
UVLO operation on the buck boost can be enabled/disabled by setting bit 5.

Forced PWM operation can be set with bit 6.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
When 0 VMAX switches off instantaneously
VMAX_LATCH ’ VMAX RIW Y 0 w:fem dlis\?ﬂi;i(. Switches off when VBB goes
below VBAT
BB_FORCE_PWM 6 BUCK_BOOST RIW v 0 g\?\h\j\.utomatic PWM/PFM. If 1, is forced
If 1, UVLO comparator does NOT shut down
UVLO disable 5 BUCK_BOOST R/W Y 1 BB.
INT is still generated.
VBB_VOUT[4] 4 BUCK_BOOST R/W Y 1
VBB_VOUT[3] 3 | BUCK_BOOST RIW Y 0
VBB_VOUT[2] 2 | BUCK_BOOST RIW Y 0
VBB_VOUT[1] 1 | BUCK_BOOST RIW Y 1
VBB_VOUTI0] 0 | BUCK_BOOST RIW Y 1
SETTING VBUCK_BOOST[4] | VBUCK_BOOST[3] VBUCK_BOOST[2] VBUCK_BOOST[4] VBUCK_BOOSTI[1] VBB
0 0 0 0 0 0 0.995
1 0 0 0 0 1 1.194
2 0 0 0 1 0 1.394
3 0 0 0 1 1 1.594
4 0 0 1 0 0 1.784
5 0 0 1 0 1 1.985
6 0 0 1 1 0 2.189
7 0 0 1 1 1 2.381
8 0 1 0 0 0 2.587
9 0 1 0 0 1 2.779
10 0 1 0 1 0 2.972
11 0 1 0 1 1 3.161
12 0 1 1 0 0 3.374
13 0 1 1 0 1 3.452
14 0 1 1 1 0 3.576
15 0 1 1 1 1 3.664
16 1 0 0 0 0 3.756
17 1 0 0 0 1 3.853
18 1 0 0 1 0 3.954
19 1 0 0 1 1 4.062
20 1 0 1 0 0 4.176
21 1 0 1 0 1 4.235
22 1 0 1 1 0 4.359
23 1 0 1 1 1 4.424
24 1 1 0 0 0 4.559
25 1 1 0 0 1 4.779
26 1 1 0 1 0 4.857
27 1 1 0 1 1 4.938
28 1 1 1 0 0 5.022
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Register 4, LDO_VOUT, BANDGAP Address 04H
The LDO voltage is set with this register (bits 0 to 4) which can be set by EEPROM.
To speed up system start-up the internal bandgap can be enabled before the LDO and switches are enabled.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
7
6
BGLP_EN 5 Bandgap R/W N When 1, Enables internal bandgap.
LDO_VOUT[4] 4 LDO R/W Y 1
LDO_VOUT[3] 3 LDO RIW Y 0
LDO_VOUT[2] 2 LDO RIW Y 0
LDO_VOUT[1] 1 LDO RIW Y 1
LDO_VOUT[0] 0 LDO RIW Y 0
SETTING VLDO[4] VLDOI[3] VLDO[2] VLDO[1] VLDOI0] VLDO
0 0 0 0 0 0 1.001
1 0 0 0 0 1 1.103
2 0 0 0 1 0 1.202
3 0 0 0 1 1 1.303
4 0 0 1 0 0 1.399
5 0 0 1 0 1 1.506
6 0 0 1 1 0 1.606
7 0 0 1 1 1 1.712
8 0 1 0 0 0 1.81
9 0 1 0 0 1 1.921
10 0 1 0 1 0 2.019
11 0 1 0 1 1 2.127
12 0 1 1 0 0 2.23
13 0 1 1 0 1 2.33
14 0 1 1 1 0 2.438
15 0 1 1 1 1 2.534
16 1 0 0 0 0 2.637
17 1 0 0 0 1 2.725
18 1 0 0 1 0 2.845
19 1 0 0 1 1 2.948
20 1 0 1 0 0 3.031
21 1 0 1 0 1 3.148
22 1 0 1 1 0 3.243
23 1 0 1 1 1 3.343
24 1 1 0 0 0 3.449
25 1 1 0 0 1 3.563
26 1 1 0 1 0 3.643
27 1 1 0 1 1 3.769
28 1 1 1 0 0 3.858
29 1 1 1 0 1 3.952
30 1 1 1 1 0 4.05
31 1 1 1 1 1 0.803
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Register 5, Pull-down resistors, Address 05H

The power switches can be pulled-down when disabled using bits 1 to 7.
The enable logic for all pull-downs is:

0 Disable

1 Enable

Bit O is used to increase the turn-on speed of the switches.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
EN_PWR_VIN_VIN Pull-down | 7 PWR_ON RIW Y 1 Enable pull-down resistor from VIN to
— R — PWR_VIN
Enable pull-down resistor from Buck Boost
EN_PWR_BB1_BB Pull-down 6 PWR_ON RIW \4 1 (BB).
BB output to switch
E(I)\IWEWR_LDOZ_LDO Pull- 5 PWR_ON R/W Y 0 Enable pull-down resistor from LDO to switch
EN_PWR_LDO1_LDO Pull- 4 PWR ON RIW v 0 Engble pull-down resistor from LDO output to
down - switch
EN_PWR_VMAX_VMAX Pull- 3 PWR ON RIW v 0 Enable pull-down resistor from BB output to
down - switch
EN_PWR_BB2_BB Pull-down 2 PWR_ON RIW Y 0 Evr\‘,ﬁg']e pull-down resistor from BB output to
SPI pull-down resistor 1 PWR_ON RIW Y 1 lI;irilesl;ble pull-down resistor for serial interface
FAST 0 PWR_ON R/W Y 0 If 1 makes switch turn on 10x faster.
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Register 6, VMAX control and Recovery comparator, Address 06H

Bits 5 to 3 are used to set the threshold for falling voltage on the recovery comparator.

Bits 2 to 0 are used to set the threshold for rising voltage on the recovery comparator.

Bits 7 and 6 are used to set the VMAX operation (see Vyax Options section).

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
VMAX_DIS 7 VMAX R/W N 0
VMAX_EN 6 VMAX RIW N 0 See Viuax OPTIONS
VRECOVERY[2]_FALLING 5 VINPUT R/W Y 0 INT pin will be asserted when VIN reaches the
VRECOVERY[1]_FALLING 4 VINPUT RIW Y ! frljlcin\?vitlrgaesglcggr\ézlt\z%:ﬁ VIN recovers to the
VRECOVERY[0]_FALLIING 3 VINPUT R/W Y 1 rising threshold voltage. See table below
VRECOVERY[2]_RISING 2 VINPUT R/W Y 0
VRECOVERY[1]_RISING 1 VINPUT R/W Y 0 See Table below
VRECOVERY[0]_RISING 0 VINPUT R/W Y 0

SETTING VRECOVERY_FALLING[2] VRECOVERY_FALLINGJ[1] VRECOVERY_FALLINGJ[O0] VRECOVERY COMPARATOR

0 0 0 0 1.7

1 0 0 1 1.8

2 0 1 0 1.9

3 0 1 1 2

4 1 0 0 2.1

5 1 0 1 2.2

6 0 1 1 2.3

7 1 1 1 2.4

SETTING VRECOVERY_FALLING[2] VRECOVERY_FALLING[1] VRECOVERY_FALLING[O] VRECOVERY COMPARATOR

0 0 0 0 2.4

1 0 0 1 25

2 0 1 0 2.6

3 0 1 1 2.7

4 1 0 0 2.8

5 1 0 1 2.9

6 0 1 1 3

7 1 1 1 3.1
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Register 7, PWR_BB_LDO switch control AND interruption management, Address 07H

The alarm status of the device can be verified with this register.

Bit 7 and 3 report on the UVLO comparator status. Bit 5 masks this alarm.

Bit 6 and 2 report on the over temperature status. Bit 4 masks this alarm.

Bits 1 and O are used to control the switches associated with the internal connection between the LDO and the

buck boost converter..

The enable logic for the switches is:

0 Disabled
1 Enabled
NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION

Set to 1 when recovery comparator is

UVLO_INT 7 INT R N 0 asserted (falling edge), cleared to 0 when
register is read by serial interface.
Set to 1 when over temperature is asserted,

OTS_INT 6 INT R N 0 cleared to 0 when register is read by serial
interface.
Masks the recovery comparator assertion

UVLO_MASK 5 INT RIW N 0 (falling edge).
Reported to the INT PIN
Masks the over temperature assertion.

OTS_MASK 4 INT RIW N 1 Reported to the INT PIN

UVLO_STATUS 3 INT RD only N Status report of recovery comparator fault

OTS_STATUS 2 INT RD only N Status report of an overt temperature fault
Enable switch to SEL from Buck Boost (BB)

EN_PWR_SEL BB 1 PWR_ON RIW \4 0 BB output OR LDO

EN PWR BB LDO 0 PWR ON RIW v 0 Enables the back to back switch from Ldo

- - - - output to BB output

Register 8, interruption block disable, Address 08H

Bit 7 to 1 can be used to automatically disable the power switches when an interruption is asserted.

Bit O disables the recovery comparator to reduce power consumption.

NAME BIT CATEGORY R/W EEPROM BIT DEFAULT DESCRIPTION
EN_Vin_SHUTDN 7 Pull down R/W Y 1 If 1, switch turns off at interruption.
EN_BB2_SHUTDN 6 Pull down R/W Y 0 If 1, switch turns off at interruption.
EN_LDO2_SHUTDN 5 Pull down R/W Y 1 If 1, switch turns off at interruption.
EN_LDO1_SHUTDN 4 Pull down R/W Y 1 If 1, switch turns off at interruption.
EN_AUX1_SHUTDN 3 Pull down R/W Y 1 If 1, switch turns off at interruption.
EN_BB1_SHUTDN 2 Pull down R/W Y 0 If 1, switch turns off at interruption.
EN_LDOBBbb_SHUTDN 1 Pull down R/W Y 1 If 1, PWR_BB_LDO switch turns off at INT
COMPrv_ENmask 0 Pull down R/W Y 1 If 1, COMPrv is disabled
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Recommended Board Layout

This section provides the recommendation of the TPS65290 board layout based on Tl evaluation board. Close
placement to the chip and to the ground plane is required for power components including C21, C2, C6, C15,
C15a, L1, C10 and C4. The priority among the components is C21 —- C2 —- C8 —» C6 — C15 —» C15A —» L1 —
C10 — CA4. In particular, a good ground plane for the TPS65290 and the LDO output capacitor (C6) is highly
recommended to prevent LDO overshoot during the buck-boost converter operation. A good ground connection
for C21 and C2 is also required for the high performance of the buck-boost converter. The pin is regarded as a
noise generator because of the buck-boost converter switching operation. Therefore, do not tap the trace to pin2
from the trace from C21. Use star connection for two inputs of pin 19 and pin 4 from the power supply.
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Figure 70. Schematic
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Figure 72. Top Layer
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Figure 73. Second Layer (Full Copper Ground Plane)
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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
I Drawing Qty 0) ®3) (4/5)

TPS65290BMRHFR ACTIVE VQFN RHF 24 3000 Green (RoHS CUNIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65290BM -

TPS65290BMRHFT ACTIVE VQFN RHF 24 250 Green (RoOHS  CU NIPDAU  Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65290BM -

TPS65290LMRHFR ACTIVE VQFN RHF 24 3000 Green (RoHS CUNIPDAU  Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sh/Br) 65290LM

TPS65290LMRHFT ACTIVE VQFN RHF 24 250 Green (RoOHS  CU NIPDAU  Level-3-260C-168 HR -40 to 85 TPS
& no Sb/Br) 65290LM D e

TPS65290ZBRHFR ACTIVE VQFN RHF 24 3000 Green (RoHS CUNIPDAU Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sb/Br) 6529078 Lo

TPS65290ZBRHFT ACTIVE VQFN RHF 24 250 Green (ROHS  CU NIPDAU  Level-3-260C-168 HR -40 to 85 TPS Samples
& no Sb/Br) 6529078 Lo

@ 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 Sh/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): TI'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, TI 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 Sh/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)

@ 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.
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Important Information and Disclaimer: The information provided on this page represents TlI'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 Tl 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go 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
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
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)
TPS65290BMRHFR VQFN RHF 24 3000 330.0 12.4 4.3 5.3 1.3 8.0 12.0 Q1
TPS65290BMRHFT VQFN RHF 24 250 180.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS65290LMRHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS65290LMRHFT VQFN RHF 24 250 180.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS65290ZBRHFR VQFN RHF 24 3000 330.0 12.4 4.3 53 1.3 8.0 12.0 Q1
TPS65290ZBRHFT VQFN RHF 24 250 180.0 12.4 4.3 53 1.3 8.0 12.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TPS65290BMRHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS65290BMRHFT VQFN RHF 24 250 210.0 185.0 35.0
TPS65290LMRHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS65290LMRHFT VQFN RHF 24 250 210.0 185.0 35.0
TPS65290ZBRHFR VQFN RHF 24 3000 367.0 367.0 35.0
TPS65290ZBRHFT VQFN RHF 24 250 210.0 185.0 35.0
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MECHANICAL DATA

RHF <R*PVQFN*N24> PLASTIC QUAD FLATPACK NO—-LEAD
<
[B]
|
\
| 415
N - 385
24 \
1

PIN 1 INDEX AREA
TOP AND BOTTOM

[O,ZO REF

SEATING PLANE

0,05 MAX
({050
wﬂ ‘ 7
SRURURURSRVAY,
241 ThervhL PAD 8
) d
— _SIZE AND SHAPE _
SHOWN ON SHPARATE SHEET
) d
205 | J (@l
NNANANM
Juy 00 & m 3 030
0,30 p ,
24X 57
0,10 @]c[AalB]
& 0,05 ®|c

4204845-2 /M 06 /11

NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.

C. QFN (Quad Flatpack No—Lead) Package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance.

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RHF (R—PVQFN—N24) 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
C0.30
1
\yU U U U U U U —— Exposed Thermal Pad
T 24D A8
D) _d
2,65+0,10 — _ | _ —
D) _d
i 200 12

ANANAR(INANAND
19 13

+— 3,65+0,10 —w

Bottom View

Exposed Thermal Pad Dimensions

4206360-3/J 01/12

NOTE: All linear dimensions are in millimeters

wi3 TExas
INSTRUMENTS

www.ti.com


http://www.ti.com/lit/slua271

LAND PATTERN DATA

RHF (R—PVQFN—N24) PLASTIC QUAD FLATPACK NO—-LEAD

Example Stencil Design

Example Board Layout 0.125mm_ Stencil Thickness

(Note E)
Note D
;O,ZS»\ ‘: ——4X0,5 7
pououg_ o8 [OOQUDL.___
EREE ===
! =| o0 0|32 48 1S EERY S48
T el s s E N ={aml=
’ Tmmm ’ Tuafmnm
L= - 415 =]
— 58 N 5,75
// \\\\\\
// \\\\ 64% solder coverage on center pad
// \\\\
/ o
/" Non Solder Mask \\\ Example Via Layout
{  Defined Pad N (Note D)
A o
/f/ - {8\\ Solder Mask Opening \ ;
/ RO, 14 /\ (Note F) QTOQ o *
/ Ofg ’ 90,3 —— @;fo o |2.65
| | Or Smaller
\\\ ; ! Pc%d Geom)etry © 9 +
\ Note C -
\ ol %reoind / e T - w )O
\\\\\ // - 5765 -

4209374/E 01/12

NOTES: All linear dimensions are in millimeters.

Publication IPC-7351 is recommended for alternate designs.

A
B. This drawing is subject to change without notice.
C
D

This package is designed to be soldered to a thermal pad on the board.

Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271,

and also the Product Data Sheets

for specific thermal information, via requirements, ond 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 thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or 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 altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers
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www.ti.com/energy
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