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LOW-POWER BATTERY BACKUP IC
WITH INTEGRATED BOOST CONVERTER

FEATURES

« Power-Path Switch to Select Main Battery or
Backup Battery for Real-Time Clock (RTC)

* Integrated Boost DC/DC Converter

— Modulation Select by Control Pin (PWMON),
Pulse Frequency Modulation (PFM) or
Pulse Width Modulation (PWM)

— Fixed Switching Frequency (PWM, 750 kHz)
— Peak Current Mode Control (PWM)
— Low Power Consumption (PFM)

* Four Integrated Low Dropout (LDO) Voltage
Regulators for 1.2 V/1.8 V/3.3 V

» Two Integrated Indicators

— CS: Monitors the Voltage Level of Main
Battery (VBAT) and Output voltage level of
Boost Converter (VO_BT)

— XRESET: Monitors the Output voltage Level
of 3.3V LDO (VOUT)

* 16-Pin QFN (3mm x 3mm) Package
* Operating Temperature —35°C to 85°C
* Protection

— Overcurrent Protection (OCP)

— Overvoltage Protection (OVP)

— Thermal Shutdown (TSD)

— Undervoltage Lockout (UVLO)

APPLICATIONS
» Digital Still Cameras
e Portable Systems With Backup Battery

DESCRIPTION

The TPS65510 offers a suitable solution for power
switch to select the main battery or the backup
battery.

This device automatically selects the power path. It
depends on the voltage level of the VO_BT pin.
When the main battery is removed, the power path of
the VOUT pin is automatically changed from the
output of 3.3-V low droppout (LDO) voltage regulator
to the backup battery.

The backup battery is charged from the power path of
the VRO pin (output of 3.3-V LDO) via an external
diode and resistor. The input of the LDO voltage
regulator comes from the internal boost converter.

The 1.2-V output LDO and 1.8-V output LDO voltage
regulators have a enable pin, V_CTRL. If these
outputs are not necessary, V_CTRL should be
connected to AGND to save power consumption. The
self-power consumption is less than 3 pA (maximum)
using the backup battery.

This device has two indicators. One is CS, which
monitors the voltage level of the VBAT pin and
VO_BT pin. The other is XRESET, which monitors
voltage level of the VOUT pin. These indicators
should be connected to CPU/DSP to reset them.

This device reduces the total solution area and
extends the lifetime of the backup battery.

2 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.

PowerPAD is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

APPLICATION CIRCUIT
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Figure 1. Typical Application Circuit (1.2-V/1.8-V Output)
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Figure 2. Typical Application Circuit (3.3-V Output)
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ORDERING INFORMATION

Ta

PACKAGE MARKING

PACKAGE

PART NUMBER

—35°C to 85°C

CGK

16-pin QFN

TPS65510RGT

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

MIN MAX UNIT
VBAT, VBK -0.3
SW -0.3
FB, FBG Input voltage range -0.3 6 \%
N D
XRESET, CS -0.3 6
xg?hgovtgl’Rz Output voltage range -0.3 3.6 v
VO_BT -0.3 6 \Y
SW Switch current 1.3 A
Maximum junction temperature range 125 °C
Storage temperature range —-40 150 °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.

DISSIPATION RATINGS

PACKAGE Reys POWER RATING POWER RATING
QFN 47.4°CIW 211 W 0.844 W
(1) The thermal resistance, Rgjp, is based on a soldered PowerPAD™ on 2S2P JEDEC board using thermal vias.
RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)
MIN TYP MAX UNIT
VBAT Supply voltage 265 >3 v
VBK 1.8 55
VIH High-level digital input voltage at PWMON 14 55 v
High-level digital input voltage at V_CTRL 14 VOUT
VIL Low-level digital input voltage at PWMON 0.4 v
Low-level digital input voltage at V_CTRL 0.4
Operating free-air temperature range -35 85 °C
Copyright © 2008, Texas Instruments Incorporated Bubmit Documentation FeedbacK 3
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ELECTRICAL CHARACTERISTICS
Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
- V(vo_gT): 3.6 V, VOUT: No load
lcc1 Consumption current at VO_BT Vpwniony: AGND (PFM mode) 60 100 HA
. V : 5V, VOUT: No load
(VO_BT) )
lcc2 Consumption current at VO_BT Vipwhiony: VOUT (PWM mode) 250 350 HA
. V(VO BT) - 36V, V(VBK): 3V
lccs Consumption current at VBK VOUT: No load 0.1 1 HA
. VO_BT: Open, V(ygk): 3V
lcca Consumption current at VBK VOUT: No load, Viy c1riy: VOUT 2.5 5 HA
- VO_BT: Open, Vgk): 3V
lccs Consumption current at VBK VOUT: No load, Viy c1ry): AGND 1.2 3 HA
lcce Consumption current at VBAT VveaTt): 3:6 V, Vvo BT): 3.5V 5 10 HA
I(sink_cs) Sink current at CS V(cs): 0.5V, CS pin: Low-Z 1 1.5 mA
lLEAK CS) Leakage current at CS V(cs): 5.5V, CS pin: Hi-Z 1 HA
'<)5'NK-XRESE Sink current at XRESET Vixreseny: 0.5 V, XRESET pin: Low-Z 1 15 mA
T
lLEAK XRESE | gak current at XRESET V(xreseT): 5.5 V, XRESET pin: Hi-Z 1| pA
)]
I(LEAK_VBK) Leak current at VBK V(VO_BT): 55V, V(VBK): ov 1 LJ.A
Viuvio pen \Lf\B/"&?/ CS detection level at Vivean;: from 0V to 5.5V 250 270  290| V
Vuvio Hys) UVLO/CS hysteresis at VBAT V(vgaT): rom 5.5V to 0V -250 -200 -150 mV
V(cs_peT) CS detection level at VO_BT Vo gT): from5Vto 0V 3.071 3.150 3.229 \%
V(cs Hys) CS hysteresis at VO_BT Vo gT): from0Vto5V 50 100 150 mV
V(XRESET_DE  XRESET detection level Vvour): from 3.3 Vto 0V 2.048 2100 2153 \%
)]
V)<XRESET-HY XRESET hysteresis Vvour)y: from 0V to 3.3 V 50 100 150| mv
S
Visw Sg%”?e the power path for Monitoring at VO_BT 294 300 306 V
V(sw2) CS output disable level Monitoring at VOUT 3.072 3.135 3.198 \Y
Vwake_per)y Threshold of WAKE mode Vo _pr): from0Vito 3.6V 2.38 2.50 2.63 \%
Vwake_Hys) WAKE mode hysteresis Vo _pr): from3.6VVto OV -150 -100 -50 mV
On resistance between VBK and | VO_BT: Open, V(ygk): 3 V,
Ronve  vouT lvoun: 2 MA 30 60 Q
Thermal shutdown detection
(&3] °
Tsbe temperature 150 ¢
pecified by design. Not production tested.
(1) Specified by design. N ducti d
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ELECTRICAL CHARACTERISTICS (continued)

Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Boost DC/DC Converter
V(pwwmon): AGND (PFM mode) 1.213 1250 1.288
V() Reference voltage \%
V(pwwmon): VOUT (PWM mode) 1225 1250 1.275
Overvoltage protection threshold | Monitoring at FB 1.30 1.35 1.40 Y,
Overcurrent protection threshold Viewnony: AGND (PFM mode) 048 0-60 0.72 A
Vipwwmon): VOUT (PWM mode) 0.8 1.0 1.2
0osC Internal OSC frequency Vipwwmon): VOUT (PWM mode) 675 750 825| kHz
Ron_p) P-ch FET ON resistance Vo g1y 5V 500 700 mQ
RN N) N-ch FET ON resistance Vo g1y 5V 200 250 mQ
R(oN_FBG) FBG ON resistance Vipwwmon): VOUT (PWM mode) 1 15 kQ
lieak FBG) Leakage current at FBG Vpwwmon): AGND (PFM mode) 1 pA
3.3-V Output LDO (VOUT)
V(vour) Output voltage of VOUT Vo B1): 5V, lvout): 1 mA 3.234 3.300 3.366 \%
lvouT) Output current of VOUT Vo B1): 5V, Vivour) 2 3.156 V 30 mA
Overcurrent protection threshold 50 mA
3.3-V Output LDO (VRO)
V(vrRo) Output voltage of VRO Vo B1): 5V, lvro): 1 MA 3.234 3.300 3.366 Vv
lvro) Output current of VRO Vo _B1): 5V, Vvro) 2 3.156 V 10 30 mA
Overcurrent protection threshold 50 mA
1.8-V Output LDO (VO1RS8)
V(vo1Rs) Output voltage of VO1R8 Vv_cTrL): VOUT, Vivo B1y: 5V, livoirs): 100 pA 1.71 1.80 1.89 Vv
lvoirs) Output current of VO1R8 Vv_cTry): VOUT 100 HA
1.2-V Output LDO (VO1R2)
V(vo1R2) Output voltage of VO1R2 Vv_cTrL): VOUT, Vivo By 5V, lvoirz): 100 pA 1.1 1.2 1.3 Vv
lvo1r2) Output current of VO1R2 Vv_cTry): VOUT 100 HA
SWITCHING CHARACTERISTICS
Ta = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Tes® Detection delay at CS Vvo_gry: from 3.6 V10 2.0 V 55 Us
Tyreser™ Detection delay at XRESET Vvoury: from 1.5V 10 3.0V 25 Us
(1) Specified by design. Not production tested.
Copyright © 2008, Texas Instruments Incorporated Bubmit Documentation FeedbacK 5
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Figure 3. Block Diagram
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PIN ASSIGNMENTS

vo BT | T vro
sw Jvour

penp [ | votrs

aGhp [ Jvoirz

TERMINAL FUNCTIONS

TERMINAL
l1o® DESCRIPTION
NO. NAME
Boost converter output. This voltage is defined by the ration of external resistors. Please see
1 VO_BT (0] g :
- the description in detail.
P SwW | Switching terminal for boost converter. This terminal should be connected to the external
inductor.
PGND G Power ground. Connect to the ground plane.
AGND G Analog ground. Connect to the ground lane.
LDO Enable/Disable input. When the input level is Low, it disables the operation of LDOs
5 V_CTRL | regarding VO1R8 and VO1R2. When the input level is high, it enables the operation of LDOs
regarding VO1R8 and VO1R2.
6 PWMON | Modulation select pin. When the input level is low, the boost converter operates as PFM
mode. When the input level is high, the boost converter operates as PWM mode.
Indicator which monitors VBAT pin and VO_BT pin. CS is an open-drain output that goes low
7 CS (0] when the voltage level of VO_BT pin or VBAT pin is lower than the threshold. The threshold
is specified with the Electrical Characteristics.
Indicator that monitors VOUT; the output of 3.3-V LDO or backup battery. XRESET is an
8 XRESET (0] open-drain output that goes low when the voltage level of VOUT is lower than the threshold.
The threshold is specified with the Electrical Characteristics.
9 VO1R2 (0] 1.2-V output regulated by LDO. The voltage level sets 1.2 V internally.
10 VO1R8 (0] 1.8-V output regulated by LDO. The voltage level sets 1.8 V internally.
11 VOUT o 3.3-V output regulated by LDO or the voltage from backup battery. This output is selected by
internal power switch. The selection depends on the output voltage of boost converter.
12 VRO (0] 3.3-V output regulated by LDO. The voltage level sets 3.3 V internally.
13 VBK | Backup battery input. The recommended input voltage at VBK is from 1.8V to 5.5V.
Boost converter output adjustable pin. When the level of PWMON pin is low, the impedance
14 FBG | of FBG is high impedance. When the level of PWMON pin is high, the impedance of FBG is
almost GND level.
15 FB | Feedback voltage from boost converter output.
Power supply from main battery. The recommended input voltage at VBAT is from 2.65V to
16 VBAT | 5.5V
(1) I: Input pin, O: Output pin, P: Power supply pin, G: GND pin

Copyright © 2008, Texas Instruments Incorporated
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1/0 Equivalent Circuits
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I/O Equivalent Circuits (continued)
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3 AGND
Figure 4. I/O Equivalent Circuits
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FUNCTIONAL DESCRIPTION

Power-Path Switch

The TPS65510 has the switch to select a power path of VOUT pin from main battery or backup battery. These
switches consist of P-ch MOSFET. Also, these switches avoid the reverse current from output side to battery
side.

When the voltage of VO_BT pin (output of boost converter) is higher than the threshold specified by V(swj) in
Electrical Characteristics, the power path of VOUT comes from main battery via internal boost converter. The
voltage of VOUT pin sets 3.3 V with internal LDO.

When a voltage of VO_BT pin is lower than the threshold specified by V(sw1) in Electrical Characteristics, the
power path of VOUT comes from backup battery at VBK pin. Before the voltage of VO_BT pin reaches V(swy),
the switch to select a power path cannot change the power path route.

The voltage coming from backup battery is not regulated internally. When the voltage of VOUT is lower than the
threshold specified by V (xreser pem) @and V (xreset_Hvs) in Electrical Characteristics, the voltage of XRESET pin
goes low (see the description of STATUS INDICATORS).

At the start of boost converter operation, the power path is different to avoid the power supply from backup
battery. In this situation, the power path of VOUT comes from main battery via internal boost converter even if
the output voltage of VO_BT is lower than threshold for CS signal specified by V1) in Electrical Characteristics.

Boost Converter

The TPS65510 has the boost converter, and the power path comes from the main battery. It has four operation
modes, WAKE mode, Pulse Frequency Modulation (PFM) mode, Pulse Width Modulation (PWM) mode and
THROUGH mode.

At first, this converter operates as WAKE mode until the voltage of VO_BT pin is less than the threshold
specified by Vwake_per) @and Vwake_nys) in Electrical Characteristics. The switching frequency of WAKE mode is
fixed. Only N-ch MOSFET operates during WAKE mode until the voltage of VO_BT pin reaches the threshold
specified by Vwake pery @and Vwake_nys) in Electrical Characteristics.

After the voltage of VO_BT pin reaching more than the threshold specified by Vwake pery @and Viwake_wys) in
Electrical Characteristics, the operation mode is shifted from WAKE mode to other modes selected by the level of
PWMON pin. When the voltage of PWMON pin is low level, the boost converter operates as PFM mode. When
the voltage of PWMON pin is high level, the boost converter operates as PWM mode. When the voltage of main
battery is higher than the voltage of VO_BT pin, the converter operates as THROUGH mode to reduce the
consumption current at VO_BT pin. At this mode, The TPS65510 forces P-ch MOSFET to be ON and N-ch
MOSFET to be OFF. It means that the voltage of VO_BT pin is not regulated.

The boost converter has the reversed current protection to monitor the different voltage between VO_BT pin and
SW pin. The protection monitors the difference at both PFM mode and PWM mode. When the voltage of SW pin
is larger than that of VO_BT pin, the protection is activated. When the protection is activated, the internal P-ch
MOSFET turns OFF. This means that the voltage of SW pin converges the battery voltage naturally.

The output voltage of boost converter depends on the operation mode. When the boost converter operates as
PFM mode, the impedance of FBG pin goes Hi-Z and the output voltage is defined by R1, R2 and R3 shown in
Eigure 1 and Eigure 3. When the boost converter operates as PWM mode, the impedance of FBG pin goes
almost zero and the output voltage is defined by R1 and R2 shown in Eigure 7 and Eigure 4. The output voltage
is calculated by Equation 1] and Equation 4.
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PFM mode:
Vivo_er= (1 + RZR: RJ-VFB o
PWM mode:

2

Vvo Br= (1 + Ry j‘VFB
2

Where:
Vyo gt Voltage of VO_BT pin

Veg: Voltage of FB
pin defined by
reference voltage in
Electrical
Characteristics

LDO Voltage Regulators

The TPS65510 has four types of LDO voltage regulators; 1.2-V output (LDO1, shown in Figure J), 1.8-V output
(LDO2, shown in Figure J) and 3.3-V dual output (LDO3 and LDO4, shown in Figure 3). These output voltage
are set by internal feedback loop only. The device has enable/disable control pin named V_CTRL for LDO1 and
LDO2. When the voltage of V_CTRL is low level, the device disables the output of LDO1 and LDO2. When the
voltage of V_CTRL is high level, the device enables the output of LDO1 and LDO?2.

The power paths of LDO2, LDO3, and LDO4 are fixed; from output of LDO3 for LDO2 and from output of boost
converter for LDO3 and LDO4. The power path of LDO1 is selected by power path switch; when output voltage
of the boost converter is higher than the threshold specified by V(sw) in Electrical Characteristics, the path
comes from output of LDO4. When output voltage of the boost converter is lower than the threshold specified by
V(swa in Electrical Characteristics, the path comes from backup battery connected to VBK pin.

The maximum outputs current are specified by lyo1r2), lvoirs) lvroy @nd lyour) in Electrical Characteristics.

Status Indicators

The TPS65510 has two device status indicators; CS and XRESET. These signal pins consist of open drain of
N-ch MOSFET. Due to this, the pullup resistors should be needed. The recommended values of pullup resistors
are 100 kQ.

CS function monitors the voltage level of VBAT pin and VO_BT pin for selecting power path of VOUT. When the
signal level of CS pin is high level, the power path of VOUT comes from the main battery via the boost converter.
When the signal level of CS pin is low level, it comes from backup battery except the starting operation of boost
converter. When the boost converter starts operation with the main battery, the P-ch MOSFET at LDO4 turns ON
to avoid supplying the power from backup battery even if the voltage of VOUT is lower than the threshold
specified by V(sw») in Electrical Characteristics. The signal of the CS pin remains low level when the main battery
is removed (including the transition) or the voltage level of VOUT does not achieve the threshold specified by
V(swy) in Electrical Characteristics.

XRESET function monitors the voltage level of VOUT pin for resetting the load like RTC. When the voltage of
VOUT is more than the threshold specified by Vxgreset per) and Vixreser nys) in Electrical Characteristics, the
signal level of XRESET pin is high. When the voltage of VOUT is less than the threshold specified by
Vixreset pet) @Nd Vxreser_Hys) in Electrical Characteristics, the signal level of XRESET pin is low. This situation
requires resetting the load. The detailed waveform is shown in Figure 5.
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Summary of Status Indicator and Power-Path Switch

Description
cs® Detection Voltage of VO_BT pin
Detect level V(cs_per) @and V(cs_Hys) in Electrical Characteristics
Disable Detection Voltage of VOUT pin
CS signal Detect level V(swz) in Electrical Characteristics
Detection Voltage of VOUT pin
XRESET - - -
Detect level V(xreseT peT) @nd V(xreseT Hys) in Electrical Characteristics
Detection of .
Power SW® | path change Voltage of VO_BT pin
Detect level V(swy) in Electrical Characteristics

(1) When the voltage of VBAT pin is less than the threshold of UVLO, the output of CS pin forces low level.
(2) The Power path switch changes the path after the voltage of VO_BT is higher than V(cs per). Before that, the power path of VOUT
comes from VO_BT pin; not VBK pin. -

12 Bubmif Documentafion FeedbacK Copyright © 2008, Texas Instruments Incorporated
Product Folder Link(s): [PS65517



http://focus.ti.com/docs/prod/folders/print/tps65510.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLLS917&partnum=TPS65510
http://focus.ti.com/docs/prod/folders/print/tps65510.html

13 TEXAS
INSTRUMENTS

www.ti.com

[[PSE5510

SLLS917-SEPTEMBER 2008

ves
VSW1

VO_BT

VRO

vswW2
VXRESET

VouT

VXRESET

VBK

VO1R2

VO1RB

o
w0

XRESET

Back-up Mode Normal Mede

1
e Normal Mode

Back-up

Figure 5. Power-Path Switch Timing Chart
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Protection

The TPS65510 has over current protection (OCP), over voltage protection (OVP) Thermal shutdown (TSD) and
Under Voltage Lock Out (UVLO). See [Table 1.

Table 1. Conditions of Protections

PIN PROTECTION CONDITION
Detect condition Voltage of FB pin is greater than the threshold.
OVP Change mode Operation disable without latch off
Recovery condition Voltage of FB pin is less than the threshold (auto recovery).
SW Detect condition Current of SW pin is greater t‘han the threshold with counting 64 cycles x 750 [kHz] and
the output voltage of VO_BT is less than 85% compared with the target voltage.
OCP | Change mode Operation mode changes from PWM mode to PFM mode.
Recovery condition gg;eggt%l;sg\\;vﬂ%i; ISiis. than the threshold and input edge signal from low level to high
Detect condition Current of VOUT pin is greater than the threshold.
VOUT OCP Change mode Operation disable without latch off
Recovery condition Current of VOUT pin is less than the threshold (auto recovery).
Detect condition Current of VRO pin is greater than the threshold.
VRO OCP Change mode Operation disable without latch off
Recovery condition Current of VRO pin is less than the threshold (auto recovery).
Detect condition Temperature of chip is greater than the threshold.
) TSD Change mode Operation of boost converter shuts down with latch off.
Detect condition Voltage of VBAT pin is less than the threshold.
VBAT UVLO | Change mode Operation of boost converter shutdown without latch off
Recovery condition Connect the main battery after disconnecting the main battery from the system.
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PACKAGING INFORMATION

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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 aline 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 TI'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.

Addendum-Page 1

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)
TPS65510RGTR ACTIVE VQFN RGT 16 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -35to0 85 CGK
& no Sh/Br)
TPS65510RGTT ACTIVE VQFN RGT 16 250 Gg[eens('s/?aH)S CU NIPDAU Level-2-260C-1 YEAR -35to 85 CGK
no r
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& 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
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket 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)
TPS65510RGTR VQFN RGT 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS65510RGTT VQFN RGT 16 250 180.0 12.4 3.3 3.3 11 8.0 12.0 Q2
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i3 Texas PACKAGE MATERIALS INFORMATION
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www.ti.com 11-Aug-2017
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65510RGTR VQFN RGT 16 3000 367.0 367.0 35.0
TPS65510RGTT VQFN RGT 16 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RGT 16 VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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MECHANICAL DATA

RGT (S—PVQFN—N16) PLASTIC QUAD FLATPACK NO—LEAD
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(@]

4203495 /H 10/11

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

B. This drawing is subject to change without notice.

C. Quad Flatpack, No—leads (QFN) 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 M0-220.
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THERMAL PAD MECHANICAL DATA

RGT (S—PVQFN—N16) 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

(OPTIONAL)
1 4 Exposed Thermal Pad
s NUUUU
T — @ e
> -
10,10
1,65 = + -
¢ ) 8
S nang
12 9
<«—»—1,6510,10

Bottom View

Exposed Thermal Pad Dimensions

4206349-7/2 08/15

NOTE: All linear dimensions are in millimeters
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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 © 2017, Texas Instruments Incorporated
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