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FULLY INTEGRATED 8-CHANNEL DC/DC CONVERTER FOR DIGITAL STILL CAMERAS

FEATURES
* 8-Channel DC/DC Converters and LDO
* Integrated Power MOSFET Switch Except CH8
— Boost (CH5/7)
— Buck (CH1/3)
— Buck-Boost (CH2/4)
— Invert (CH6)
* Low-Power Suspend Mode (Sleep Mode)
» Power ON/OFF Sequence (CH1/2/3 and CH5/6)
» LED-Back Light Brightness Control (CH7)

» Fixed Switching Frequency (CH1-4: 1.5 MHz,
CH5-8: 750 kHz)

» Fixed Max Duty Cycle Internally
» Soft Start
* Undervoltage Lockout (UVLO)
* Protection
— Thermal Shutdown (TSD)
— Overvoltage Protection (OVP)
— Overcurrent Protection (OCP) Except CH8
* Supply Voltage Range: 1.5V to 55V
* Operating Temperature Range: —25°C to 85°C
* 6 x6 mm, 0.4-mm Pitch, 48-Pin QFN Package

APPLICATIONS
» Digital Still Cameras (DSCs)
e Portable Electronics Equipment

DESCRIPTION/
ORDERING INFORMATION

The TPS65530 is highly integrated 8-channel
switching dc/dc converter, and seven channels have
integrated power FET.

CH2/4 are configured for H bridge for buck-boost
topology and single inductor supports. These
channels achieve higher efficiency in spite of
input/output voltage conditions.

CH7 has a brightness control and drives white LED
by constant current. Also, CH7 supports overvoltage
protection for open load.

CH1/2/3 has power ON/OFF sequence suitable for a
digital still camera (DSC) system. CH5/6 has a power
ON/OFF sequence, depending on the CCD. Power
ON/OFF for CCD block (CH5/6) is selectable by the
input voltage level at the SEQ56 pin. CH4 and CH7
have individual ON/OFF sequences.

The TPS65530 high switching frequency is achieved
by an integrated power MOSFET switch. It reduces
external parts dynamically. Shutdown current
consumption is less than 1 pA as a typical value.

ORDERING INFORMATION

Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
Reel of 250 TPS65530RSLT
—25°C to 85°C QFN TPS65530
Reel of 2500 TPS65530RSLR

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

website at [yww.ii.con.

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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‘Q '\ during storage or handling to prevent electrostatic damage to the MOS gates.

CHANNEL CONFIGURATION

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

OUTPUT MAXIMUM
OPERATION RECTIFY CONTROL SUPPLY
CHANNEL MODE MODE METHOD VOLTAGE APPLICATION CURRENT
v)
(mA)
CH1 Buck SW Synchronous Voltage 09to 25 Engine core 600
CH2 Buck-boost SW Synchronous Average current 2.51t03.6 EnglneI/I'/:()D (bsp 600
CH3 Buck SW Synchronous Voltage 09t025 External memory 300
CH4 Buck-boost SW Synchronous Average current 2.21t03.6 AFE 300
CH5 Boost SW Non-Synchronous Peak current Up to 18.0 CCD+ 50
CH6 Invert SW Non-Synchronous Voltage -10.0 to -5.0 CCD- 100
CH7 Boost SW Non-Synchronous Voltage 3.0t0 20.0 Backlight LED 25
Motor controller
CH8 Boost SW Synchronous Voltage 3.3t05.5 and IC drive supply -
REF Low dropout _ _ 28 Internal su_lpply for 15
voltage logic
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TERMINAL FUNCTIONS
TERMINAL
1o® DESCRIPTION
NAME NO.

Sw4s 1 (0] Buck-side terminal of coil for CH4

PGND4 2 G GND for CH4 low-side FET

Swi4l 3 | Boost-side terminal of coil for CH4

Vouts 4 (6] Output of CH4

FB4 5 | Output voltage feedback for CH4. The external resistors should be connected as close as possible
to the terminal.

ENAFE 6 | Enable for CH4 (L: Disable, H: Enable)

XSLEEP 7 | Control for sleep mode/normal operation (L: Sleep mode, H: Normal operation)

EN7 8 | Enable for CH7 (L: Disable, H: Enable)

s/s 9 /o Soft start time adjustment. The time is programmable by an external capacitor. Please see the soft
start description.

AGND 10 G Analog ground

REF 11 (0] Output of LDO. From 2.2 pF to 4.7 pF, capacitor should be connected to AGND.

Veez 12 P Power supply at CH2 buck-side FET from battery

SW2s 13 (0] Buck-side terminal of coil for CH2

PGND2 14 G GND for CH2 low-side FET

SW2I 15 | Boost-side terminal of coil for CH2

Voutz 16 o Output of CH2

EB2 17 o Output voltage feedback for CH2. The external resistors should be connected as close as possible
to the terminal.

Veel 18 P Power supply at CH1 high-side FET from battery

Swi 19 O Output of CH1. The terminal should be connected to the external inductor.

PGND1 20 G GND for CH1 low-side FET

FB1 21 | Output voltage feedback for CH1. The external resistors should be connected as close as possible
to the terminal.

FB3 29 | Output voltage feedback for CH3. The external resistors should be connected as close as possible
to the terminal.

Vees 23 P Power supply at CH3 high-side FET from battery

SwW3 24 O Output of CH3. The terminal should be connected to the external inductor.

PGND3 25 G GND for CH3 low-side FET

SWSLD 26 o Output for CH8 external low-side FET drive. The terminal is connected to the gate of the low-side
external FET.

LL8 27 o Switching output for CH8 at wake mode. The terminal is switched when the output voltage of CH8
is less than 2.5 V.

SW8HD o8 o Output for CH8 external high-side FET drive. The terminal is connected to the gate of the
high-side external FET.

PS 29 | Power input for IC inside. The terminal should be connected to CH8 output voltage.

FBS 30 | Output voltage feedback for CH8. The external resistors should be connected as close as possible
to the terminal.

FBG7/8 31 | GND for CH7 and CH8 feedback resistors

B-ADJ 32 | Brightness adjustment for W-LED

FBC 33 | Output current feedback for CH7

CIN 34 | Input current at CH7 load switch

FBV 35 | Output voltage feedback for CH7. The external resistors should be connected as close as possible
to the terminal.

SwW7 36 (0] Output of CH7. The terminal should be connected to the external inductor.

PGND5/7 37 G Power GND for CH5/7. The terminal should be connected by power ground layer at PCB via a
through hole.

SW5 38 (0] Low-side terminal of coil for CH5

(1) 1=input, O = output, I/O = input/output, P = power supply, G = GND
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TERMINAL FUNCTIONS (continued)

TERMINAL 1
/oW DESCRIPTION
NAME NO.

SWOUT 39 O High-side terminal of coil for CH5

Vees 40 Power supply at CH5 high-side FET from battery

EB5 a1 | Output voltage feedback for CH5. The external resistors should be connected as close as possible
to the terminal.

Vees 42 P Power supply at CH6 load switch from battery

SW6 43 O Output of CH6. The terminal should be connected to the external inductor.

FB6 a4 | Output voltage feedback for CH6. The external resistors should be connected as close as possible
to the terminal.

S/S56 45 /o Soft start-time adjustment terminal for CH5 and CH6. The time is programmable by external
capacitor. See the soft-start description.

EN56 46 | Enable for CH5 and CH6 (L: Disable, H: Enable)

SEQ56 47 | Sequence select for CH5 and CH6. See the power sequence description.

Veea 48 P Power supply at CH4 high-side FET from battery

. Must be soldered to achieve appropriate power dissipation. Should be connected to PGND to use
™
PowerPAD Back side G a ©0.3mm through hole. See the recommended foot pattern description.
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ABSOLUTE MAXIMUM

RATINGS®

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

UNIT
Veet Veea: Vees. Vees Veess Vecs: SWOUT, FB2, FB4, FB5, FB8, FBC,
FBV. PS, XSLEEP, ENAFE, SEQ56, EN56, EN7, SW4S, SW4l, Voyra, 03106
SW2S, SW2I, Voyrz, SW1, SW3, SW8LD, SW8HD, FBG78 ’
(based on PGND or AGND)
BADJ, SS, FB1, FB3, FB6, SS56 -0.3t03
LL8 -0.3t0 7
Input voltage v
REF -0.3t0 3.6
SW5 -0.3t0 22
SW7, CIN -0.3 to 27
SW6 (based on V¢cg) -20
PGND1, PGND2, PGND3, PGND4, PGND57, AGND -0.3t00.3
CIN 0.05
SW2S, SwW2I 33
SW4S, SwW4l 1.65
Swi 1.9
e SW3 1.0
Switching current A
SW5 1.6
SWé -1.35
sSw7 1.2
LL8 1.0
SW8LD, SW8HD 0.6
T; Maximum junction temperature range —-30 to 150 °C
Tsg  Storage temperature range —40 to 150 °C
ESD rating, Human-Body :
Model (HBM) JEDEC JESD22A-A114 2 kv
ESD rating,
Changed-Device Model JEDEC JESD22A-C101 500 \%
(CDM)

(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

W POWER RATINGS POWER RATINGS RATE
PACKAGE Resa Ta < 25°C Tp > 25°C
48-pin QFN 27°CIW 29W 0.029°C/W

(1) The thermal resistance, Rgjp, is based on a soldered PowerPAD package on a 2S2P JEDEC board (3-in x 3-in, four layers) using
thermal vias (0.3 mm diameter x 12 vias)

RECOMMENDED OPERATING CONDITIONS

MIN MAX| UNIT
Supply voltage Veen Veez Veess Vecs 15 55 v
Vces: Vees 25 55
High-level input voltage XSLEEP/ENAFE/EN56/EN7 14 Y
Low-level input voltage XSLEEP/ENAFE/EN56/EN7 0.4 Y
High-level input voltage SEQ56 14 REF Y
Low-level input voltage SEQ56 0.4 Y
Operating temperature -25 85| °C
Copyright © 2007, Texas Instruments Incorporated ubmit Documentation Feedbac 5
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ELECTRICAL CHARACTERISTICS
0°C £T;<125°C, 1.8V =V, £ 5V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP®  MAX| UNIT
For All Circuits
lcc_iq Vcez = VPS = 3.6 V, XSLEEP = AGND 1 10
lcc_sleep _ ' Veez = 3.6 V, VPS = 5V, XSLEEP = AGND, 40 20 HA
Consumption current at PS (pin 29) ENAFE = V¢e?
0 @) m
lcc_iq2 Vcez = VPS = 3.6 V, XSLEEP = AGND 1 10
lcc_sleep2 _ _ Vcez = 3.6 V, VPS = 5V, XSLEEP = AGND, 1 30 HA
Consumption current at Veeo (pin 12) | ENAFE = Ve
lcc_pwmz Veca =36V, VPS =5V, XSLEEP = Vcey, 0.3 10l ma
ENAFE = Ve, EN56 = Veep, EN7 = Ve
TSD Thermal shutdown temperature ? 150 °C
Vv ony UVLO detect level Vceo from 0 V to 5.5 V, XSLEEP = V) 1.25 14 155 \%
Vv orr) UVLO hysteresis Vceo from5.5Vto 0V 50 100 150 mVv
OsC Internal OSC frequency Vee, =3.6V 1.35 15 1.65| MHz
Osc sus  CH5/6/7/8 switching frequency OSC =1.5MHz, VPS=5V 750 KHz
REF output voltage XSLEEP = Ve 2.72 28 3.03 \%
lss SS source current S/IS=AGND 6 10 14 HA
Eﬂf@g’“éﬁzigfaéﬁ?astéggng' XSLEEP = ENAFE = EN56 = EN7 = SEQ56 = 3 V 200 kQ
CH1
Veel Supply voltage 15 5.5 \Y
VouT1 Output voltage® 0.9 25| VvV
Veer > 2.4V, Vour = 1.2V,
louTt Output current® Feedback resistance: R1 = 330 kQ, 600 mA
R2 =330 kQ
Veg1 FB1 reference voltage No load 0.59 0.6 0.61 \%
Overcurrent protection threshold 0.9 1.9 A
(C;\éizzgaaﬂe':ggtgg)ion threshold 0.67 075 083 v
High-side Nch FET ON resistance® |VPS=5V 320 500 mQ
Low-side Nch FET ON resistance® VPS =5V 200 250 mQ
Trigger voltage to start CH3 0.48 \%
Trigger voltage to power off LDO 0.25 \%
CH2
Veeo Supply voltage 15 5.5 \%
Vout2 Output voltage @ 25 36| V
Veez > 2.4V, Voure = 3.3V,
louT? Output current®? Feedback resistance: R1 = 180 kQ, 600 mA
R2 =820 kQ
VEg2 FB2 reference voltage No load 0.595 0.605 0.615 \%
Overcurrent protection threshold 2.6 3.3 A
(Os\é(;rsviﬁgagtelnggtsicnt;on threshold 0.67 075 083 Vv
w |
side® Si
Low-side FET VPS =5V 450 600
(1) Ta=25°C

(2) Specified by design
(3) The value of FET On resistance includes the resistance of bonding wire.
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ELECTRICAL CHARACTERISTICS (continued)
0°C £ T;<125°C, 1.8V =V, <5V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP®W  MAX| UNIT
High-side FET _
Boost ON resistance VPS=5V 130 240
side® Low-side FET ma
. VPS=5V 80 140
ON resistance
Trigger voltage to power off CH3 Voute = 0.5V 0.5 \%
VouT? leakage current Voute =05V uA
Nch FET ON resistance for discharge | XSLEEP = AGND, ENAFE = AGND 1 kQ
CH3
Vees Supply voltage 2.5 55 \%
VouTs Output voltage® 0.9 25| VvV
Vees > 2.5V, Voyrz = 1.8V,
louTs Output current® Feedback resistance: R1 = 220 kQ, 300/ mA
R2 =470 kQ
VEgs FB3 reference voltage No load 0.59 0.6 0.61 \%
Overcurrent protection threshold 0.6 1.0 A
Overvoltage protection threshold
(sensing at FB3 pin) 0.67 0.75 0.83 \Y,
High-side Nch FET ON resistance® |VPS=5V 370 750 mQ
Low-side Nch FET ON resistance® |VPS=5V 300 600 mQ
Nch FET ON resistance for discharge | XSLEEP = AGND, ENAFE = AGND 1 2 kQ
Trigger voltage to start CH2 0.48 \%
Trigger voltage to power off CH1 0.2 \%
CH4
Veea Supply voltage 15 5.5 \%
VouTa Output voltage ® 2.2 36| V
Vcc4 >24V, VOUT4 =33V,
louTa Output current® Feedback resistance: R1 = 82 kQ, 100 300 mA
R2 =330 kQ
\/= FB4 reference voltage No load 0.595 0.605 0.615 \%
Overcurrent protection threshold 1.4 1.65 A
Overv_oltage protection threshold 0.67 0.75 0.83 v
(sensing at FB4 pin)
High-side FET _
Buck ON resistance VPS =5V 130 310
side® Low-side FET ma
. VPS =5V 600 730
ON resistance
High-side FET _
Boost ON resistance VPS=5V 170 270
side™® Low-side FET ma
. VPS=5V 130 250
ON resistance
VouTas leakage current Vouts =05V MA
Nch FET ON resistance for discharge | XSLEEP = AGND, ENAFE = AGND 1 kQ
CH5
Vees Supply voltage 15 5.5 \%
VouTs Output voltage ® Vees 8| Vv
VEegs FB5 reference voltage No load 0.98 1 1.02 \%
Vees > 2.4V, Vours =15V,
louTs Output current® Feedback resistance: R1 = 40 kQ, 50| mA
R2 =560 kQ

(4) The value of FET On resistance includes the resistance of bonding wire.
(5) Specified by design
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ELECTRICAL CHARACTERISTICS (continued)
0°C £ T;<125°C, 1.8V =V, <5V (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN  TYP® MAX| UNIT

Overcurrent protection threshold

1.3 1.6 A

Overvoltage protection threshold
(sensing at FB5 pin)

1.09 1.25 1.38 \%

Nch FET ON resistance®

VPS =5V

610 900 mQ

Load switch ON resistance
(between Vccs and SW5)

15V <Vges<55V

100 470 mQ

Load switch ramp-up time

1.5V <Vccs < 5.5V, SWOUT capacitance = 4.7

(between V¢cs and SW5)©) UF 200 uS
Load switch leakage current 1 WA
(between Vccs and SW5)
MAX DUTY cycle 96 98 %
Trigger voltage to start up CH6 SEQ56 = AGND 0.8 \%
CH6
Vees Supply voltage 2.5 5.5 \%
VouTs Output voltage® -10 -5 v
Vees > 2.8V, Vouts = —7.5V,
louTs Output current® Feedback resistance: R1 = 136 kQ, 100| mA
R2 =820 kQ
VEegs FB6 reference voltage No load -0.02 0 0.02 \%
Overcurrent protection threshold Vceg > 2.8V 1.1 1.35 A
g\é(ra]rs\/iggaégtelzrggtgicnt;on threshold 03 02 -01 v
Pch FET ON resistance® Vees = 3.6 V 640 1100 mQ
Max duty cycle 84 91 98 %
Trigger voltage to power off CH6 SEQ56 = AGND 0.5 0.53 0.56 \%
Vs/s56 S/S56 pin voltage 1.22 1.25 1.28 \%
ls/ss6 S/S56 pin source current S/S56 = AGND 170 200 230 HA
CH7
Veer Supply voltage ™ 15 55| V
Vout? Output voltage ® Veer < VouT? 20| V
Veer > 2.4V, Vourr = 15V,
lout7 L Lower output current(® ;2‘33%%%%8?'?3:5; Ell(z) ?)7 kQ, 3.7 5 6.3 mA
B_ADJ pin voltage =0 V
Veer > 2.4V, Vourr = 15V,
lout7 1 Higher output current E(;egbez%kggfiggggseé Ellg ?)7 kQ, 23.7 25 263 mA
B_ADJ pin voltage =1V
Vegv FBV reference voltage No load 0.97 1 1.03 \%
g\éirsviﬁgaie':g\(;tgﬁi)on threshold 115 1.95 1.35 v
Overcurrent protection threshold 0.8 1.2 A
Nch FET ON resistance® 700 1200 mQ
Max duty cycle 86 91 99 %
Load switch ON resistance 2 4 Q
Load switch leakage current 1 LA
(between C-IN and FBC)
Rg.AD3 B-ADJ pin input impedance 1 MQ

(6) The value of FET On resistance includes the resistance of bonding wire.
(7) Specified by design
(8) Due to constant current control for CH7, the operating condition is that Input voltage is less than LED supply voltage (Output voltage).
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ELECTRICAL CHARACTERISTICS (continued)
0°C £ T;<125°C, 1.8V =V, <5V (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN  TYP®  MAX| UNIT
CH8
Ta = 25°C, 18 5.5
Supply voltage Start up (XSLEEP from AGND to V¢c») \V;
XSLEEP = Vceo 15 5.5
VPS Output voltage ) 3.3 55| V
XSLEEP = H, ENAFE = AGND, No load 1.23 125 1.27 \Y
VEgs FB8 reference voltage -
CH8 operation mode: PFM mode, No load 1.2 1.25 1.35 \%
Fixed ON time at PFM mode Vee, =3.6V 250 ns
Max duty cycle 76 85 92 %
SWS8LD | Source impedance VPS =5V, ISW = 100 mA 5 7.5 0
driver Sink impedance VPS =5V, ISW = 100 mA 1 15
SWS8HD | Source impedance VPS =5V, ISW = 100 mA 10 15 o
driver Sink impedance VPS =5V, ISW = 100 mA 5 75
g\é(re]rs\/i(r:gaegl;te':pBrgtgi(:nt;on threshold 1.30 156 1.80 v
FBG7/8 FET ON resistance VPS =5V, XSLEEP = Vcco 0.6 kQ
FBG7/8 leakage current XSLEEP = AGND, ENAFE = AGND 1 MA
Copyright © 2007, Texas Instruments Incorporated ubmit Documentation Feedbac 9
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BLOCK DIAGRAM
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A. When output voltage is higher than input voltage at 2AA battery models, Vcc1 and Vecz should be connected to the
CH8 output. When the 2AA battery is connected, Vccg should be connected to the CH8 output.

B. The external FET for CH8 is dependent on the load. When the motor is connected to CH8, the external FET is large.
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FUNCTIONAL DESCRIPTION

Logic True Table

The enable/disable of each channel is controlled by logic input signals level at XSLEEP (pin 7 for all channels),
ENAFE (pin 6 for CH4), EN56 (pin 46 for CH5 and CH6) and EN7 (pin 8 for CH7). is the summary of the
enable/disable mode.

Table 1. Control Pin vs Enable/Disable

g'lc')A'IO'EF XSLEEP | ENAFE | EN56 | EN7 CH1 CH2 CH3 CH4 CH5 CH6 CH7 CHgW LDO
1 L L - OFF OFF OFF OFF OFF OFF OFF OFF OFF
2 H L L L ON ON ON OFF OFF OFF OFF PWM ON
3 H L L H ON ON ON OFF OFF OFF ON PWM ON
4 H L H L ON ON ON OFF ON ON OFF PWM ON
5 H L H H ON ON ON OFF ON ON ON PWM ON
6 H H L L ON ON ON ON OFF OFF OFF PWM ON
7 H H L H ON ON ON ON OFF OFF ON PWM ON
8 H H H L ON ON ON ON ON ON OFF PWM ON
9 H H H H ON ON ON ON ON ON ON PWM ON
10@ L H - OFF OFF OFF OFF OFF OFF OFF PFM OFF

(1) PWM = pulse width modulation, PFM = pulse frequency modulation
(2) State 10 (CH8: PFM mode) must go through State 2.

Power ON/OFF Sequence

This device has the power ON/OFF sequence of CH1/2/3/8/REF and CH5/6 for DSC application. The
CH1/2/3/8/REF sequence is shown in Figure 1. The CH5/6 sequence is shown in Figure 2. CH4 and CH7 have
individual sequences but CH4/5/6 has the subordinate relationship with CH1/2/3 because the slope of soft start is
the same and puts high priority of CH1/2/3 to avoid the functional conflict (see the Soft Start description). Due to
this, CH4/5/6 should not be ON before CH1/2/3 is ON. When XSLEEP is forced low, all channels turn OFF with
the power OFF sequence.
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Figure 1. CH1/CH2/CH3/CH8/REF Power ON/OFF Sequence
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Soft Start

This function reduces the rush current from the battery at start-up. This device has two slopes, defined by S/S
(pin 9) and S/S56 (pin 45). The slopes of CH1/2/3/4 are defined by S/S (pin 9); the slope of CH5/6 depends on
SEQ56 (pin 47) signal level. When SEQ 56 (pin 47) is low, the slope of CH5 is defined by S/S (pin 9), the slope
of CHG6 is defined by S/S56 (pin 45). When SEQ 56 (pin 47) is high, the slopes of CH5 and CH6 are defined by
S/S56 (pin 45). The soft-start time is calculated by Equation 7 and Equation 3.
Tgs=Cgs x 60 1)
Tysse = Carsss % 6.25 2

Cgs: Capacitance at S/S pin [UF], Tgs: soft start duration defined by S/S pin [ms]

Cs/ss6: Capacitance at S/S56 pin [UF], Tg/sse: SOft start duration defined by S/S56 pin [ms]

The recommended capacitances are:
Cgs: 0.1 [pF], or Tgs: 6.0 [mg] 3)
Cysss: 1.O[UF], or Tggse: 6.25 [ms] 4)

Undervoltage Lockout (UVLO)

This device monitors the battery voltage level at V¢, (pin 12). When XSLEEP is high and Ve, (pin 12) is less
than the threshold (defined in Electrical Characteristics as UVLO detect level), the operation shuts down
immediately without the power OFF sequence. UVLO has a hysteresis as shown in Figure 3. This factor is
defined in Electrical Characteristics as UVLO hysteresis.

F 3

LD DET

Hyzteresziz

B -
- L

| er

L0 deltect lewel
Figure 3. UVLO Hysteresis

Protections

The TPS65530 has protections: overcurrent protection (OCP), overvoltage protection (OVP), and thermal
shutdown (TSD) (see [Table 2).
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Table 2. Protection Conditions
PROTECTION CH1-CH6 CH7 CH8 REF (LDO)
All CH shutdown All CH shutdown (latch-off)
Change All CH shutdown (latch-off) . ;
mode (without power OFF sequence) Forced OFF at MOSFET | (latch-off) (without power | (without power OFF
OFF sequence) sequence)
Current over the threshold, Voyt
Detect less than 80% to compare the Current over the Vour less than 70% to Vour less than 80% to
condition target, and threshold compare the target compare the target
count 64 cycle x 1.5 MHz
ocp XSLEEP: Change level from Low
to High Current less than the XSLEEP: Change level | XSLEEP: Change level from
ENAFE: Change level from Low threshold (automatic from Low to High Low to High
to High (for CH4) restoration) ENAFE: Change level ENAFE: Change level from
Comeback | EN56: Change level from Low to from Low to High Low to High
condition High (for CH5/6) ?; - Appl h or or
or U(\:/(I:_ZIO tﬁ%ghrg%rif 4a\n/) Veez: Apply more than | Vee: Apply more than UVLO
Vceo: Apply more than UVLO after removing V. ’ UVLO threshold (1.4 V) |threshold (1.4 V) after
threshold (1.4 V) after removing 9 Veez after removing Veeo removing Veeo
Veeo
: Forced OFF at
gr;zrége Eﬂ%cselegFF at applicable CH MOSFET, load switch | Forced OFF at MOSFET
turns ON
Detect Voltage over the threshold at Voltage over the Voltage over the )
ovp condition feedback threshold at feedback threshold at feedback No OVP function
Comeback | Voltage less than the threshold at | EN7: Change level from ?ﬁ?gzﬁglée:‘ts fteh:(;]bglcek
condition feedback (auto-recovery) low to high (auto-recovery)
g]zzgge All CH shutdown (without power OFF sequence)
Detect . . .
TSD condition The junction temperature is more than the threshold.
Comeback | XSLEEP: Change level from Low to High, ENAFE: Change level from Low to High (for CH4), EN56: Change level from
condition Low to High (for CH5/6), or Vccp: More than 1.4 V

CHANNEL DESCRIPTIONS

CH1/3 Description

Both CH1 and CHS3 are the same topology. CH1/3 is the voltage-mode-controlled synchronous buck converter for
engine core (CH1) or external memory (CH3). Both high-side and low-side switches are integrated into the
device and consist of NMOS-FET only. The gate of the high-side switch is driven by bootstrap circuit. The
capacitance of the bootstrap is included in the device. These channels are able to operate up to 100% duty
cycle.

This device has a discharge path to use the switch (Q_Discharge1/3) for CH1/3 output capacitor via the inductor.
The switch is activated after the power OFF sequence has started. Typical resistance at the discharge circuit is
1 kQ. When the device detects the threshold at FB1/3 after the power OFF sequence has started, the MOSFET
turns OFF and the output is fixed with high impedance.

It is acceptable to connect the battery to Vcq (pin 18)/Vees (pin 23) directly when the battery voltage is more
than 2.5 V. When the battery voltage is less than 2.5 V, the CH8 output should be connected to Vc¢; (pin
18)/V¢c3 (pin 23).

The output voltage is programmed from 0.9 V to 2.5 V (both CH1 and CH3) to use the feedback loop sensed by

the external resistances. The output voltage is calculated by Equation J. The block diagram is shown in Eigure 4.
Vour = (1 + R2/R1) x 0.6 [V] (5)
Vour: Output voltage V]

R1, R2: Feedback resistance (see
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Figure 4. CH1/3 Block Diagram
CH1/3 Recommended Parts
Table 3. Recommended Parts for Inductor (CH1 and CH3)
VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2812C-1098AS-4R7M 47 130 28x3.0x1.2
Table 4. Recommended Parts for Capacitor (Input, CH1 and CH3)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM21BB30J226ME38 22.0 20 2.0 x 1.25 x 1.25 (EIA code: 0805)
Table 5. Recommended Parts for Capacitor (Output, CH1 and CH3)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TDK C2012X5R0J106M 10.0 20 2.0 x 1.25 x 1.25 (EIA code: 0805)

CH2/4 Description

Both CH2 and CH4 are the same topology. CH2/4 is the average current-mode-controlled synchronous
back-boost converter for engine 1/0 (CH2) or AFE (CH4). This converter is an adapted H-bridge circuit to use
four switches. These switches are integrated into the device and consist of NMOS-FET only. The gate of the
high-side switch is controlled by the bootstrap circuit. The capacitance of the bootstrap is included in the device.

The device automatically switches from buck operation to boost operation or from boost operation to buck
operation as required by the configuration. It always uses one active switch, one rectifying switch, one switch
permanently on, and one switch permanently off. Therefore, it operates as a buck converter when the input
voltage is higher than the output voltage, and as a boost converter when the input voltage is lower than the
output voltage. There is no mode of operation in which all four switches are permanently switching.
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This device has a discharge switch (Q_Discharge2/4) for the CH2/4 output capacitor. The typical ON resistance
at the discharge switch is 1 kQ. The discharge switch is activated when XSLEEP turns low. For CH4 only, the
switch is also activated when ENAFE turns low. After output voltage reaches approximately 0.5 V, the discharge
switch turns OFF and VOUT2/4 is changed into high impedance. The output voltage is programmable from 2.5 V
to 3.6 V (for CH2) or from 2.2 V to 3.6 V (for CH4) to use the feedback loop sensed by the external resistances.

The output voltage is calculated by Equafion g. The block diagram is shown in Figure 5.

Vour = (1 + R2/R1) x 0.6 [V] (6)
Vour: Output voltage [V]
R1, R2: Feedback resistance (seeFigure 5)
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Figure 5. CH2/4 Block Diagram
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CH2/4 Recommended Parts
Table 6. Recommended Parts for Inductor (CH2)
VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2812C-1098AS-2R7M 2.7 72 28x3.0x1.2
Table 7. Recommended Parts for Inductor (CH4)
VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2812C-1098AS-4R7M 4.7 130 28%x3.0x1.2
Table 8. Recommended Parts for Capacitor (Input, CH2 and CH4)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM21BB30J226ME38 22.0 20 2.0x1.25 ’Béb"; (EIA code:
Table 9. Recommended Parts for Capacitor (Output, CH2 and CH4)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TAIYO YUDEN IMK212BJ476MG-T 47.0 20 20x1.25 ’6;6255; (EIA code:

CHS5 Description

CHS5 is the peak current-mode-controlled nonsynchronous boost converter for CCD+. The switch between
inductor and power GND is integrated into the device and consists of NMOS-FET. Also, this device has a load
switch between the battery and inductor and consists of NMOS-FET. The gate of the switch is controlled by a
charge-pump circuit. The output voltage is programmable up to 18 V to use the feedback loop sensed by the
external resistances. The output voltage is calculated by Equation 7. The block diagram is shown in Figure g.

Vours = (1 + R2/R1) x 1.0 [V] (7)

VouTs: Output voltage of CH5 V]
R1, R2: Feedback resistance (see
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Figure 6. CH5 Block Diagram

VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2812C-1098AS-120M 12.0 340 2.8x3.0x1.2
Table 11. Recommended Parts for Capacitor (Output, CH5)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM31CB31E106KA75 10.0 10 3.2 x 1.6 x 1.6 (EIA code: 1206)
Table 12. Recommended Parts for Capacitor (SWOUT, CH5)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TDK C2012X5R1A335M 3.3 20 2.0 x 1.25 x 1.25 (EIA code: 0805)
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Table 13. Recommended Parts for Diode (CH5)
VENDOR TAPE NUMBER VR (V) IF (mA) VF (V) CAPACITANCE (pF) SIZE (mm)
SANYO SBO503EJ 30 500 0.55/0.5 16.5 1.6x0.8x0.6

CH®6 Description

CHE6 is the voltage-mode-controlled nonsynchronous inverting converter for CCD-. The switch between the input
voltage and inductor is integrated into the device and consists of PMOS-FET. It is acceptable to connect the
battery to Vg (pin 42) directly when the battery voltage is more than 2.5 V. When the battery voltage is less
than 2.5 V, the CH8 output should be connected to Vccg (pin 42). The output voltage is programmable from
—10 V to -5 V to use the feedback loop sensed by the external resistances. The output voltage is calculated by

Equation §. The block diagram is shown in Eigure 7.

Vours = 1.25— (1 + R2/R1) x 1.25 [V] (8)
Vouts : Output voltage of CH6 V]
R1, R2: Feedback resistance (see

EMBG HSLEEFP
AP
: ; A
I - T L
| | F1 7];/
FES
1 owp 7 R ¢
! <
I ! e
I Lo Cutput
+ +
| <=
| |
, AN |
I 050 VOGE | |
| |
I 0GP i 1 }_lﬂvooa
| + Battery
i ';II:I'II7

Figure 7. CH6 Block Diagram

CH6 Recommended Parts

Table 14. Recommended Parts for Inductor (CH6)

VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2815C-1071AS-120M 12.0 240 2.8x3.0x1.2

Table 15. Recommended Parts for Capacitor (Input, CH6)

VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM21BB31A106KE18 10.0 10 2.0 x 1.25 x 1.25 (EIA code: 0805)
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Table 16. Recommended Parts for Capacitor (Output, CH6)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM31CB31E106KA75 10.0 10 3.2 x 1.6 x 1.6 (EIA code: 1206)
Table 17. Recommended Parts for Diode (CH6)
VENDOR TAPE NUMBER VR (V) IF (MA) VF (V) CAPACITANCE (pF) SIZE (mm)
SANYO SBO503EJ 30 500 0.55/0.5 16.5 1.6 x0.8 x 0.6

CHY Description

CHZ7 is the voltage-mode-controlled nonsynchronous boost converter for the back-light LED. The switch between
the inductor and power GND is integrated into the device and consists of NMOS-FET. Also, this device has a
load switch to control the output current and consists of NMOS-FET. The output current is constant and is
calculated by Equafion 9. It is controlled by the B_ADJ (pin 32) input voltage as shown in Figure g. The B_ADJ

input voltage is required as an analog input. When it is required to input PWM signal for B_ADJ (pin 32), the RC
filter is needed.

02 0.05
lLep = R VBapJ R
SENSE SENSE ©)

I ep: Output current of CH7 [A]
Rsense: Sense resistor between FBC and PGND5/7 [Q]
Veaps: B_ADJ input voltage (0 < Vgap; < 1) [V]

_

£

e =T

[ T

b o !

a— ___-i" 1

G _— !

= I

E 1

= .

o : ,
i I B_AD input voltage W
0 1

Figure 8. Output Current vs B_ADJ Input Voltage (RSENSE = 10 Q)

The principle of the operation is to adjust the duty cycle of the MOSFET. When the B_ADJ (pin 32) input voltage

is changed, the level of “A” point shown in is changed to get the desired duty cycle compared to the
sense current.
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Figure 9. LED Brightness Control Block Diagram

At first, CH7 operates as pulse frequency modulation (PFM) mode at start-up. After reaching the target output
voltage, CH7 operation is changed from PFM mode to pulse width modulation (PWM) mode automatically. The
output voltage is programmable up to 20 V to use the feedback loop sensed by the external resistances. The
maximum output voltage is calculated by Equation 10. The block diagram is shown in Figure 10.

Vourr max = 1+ (RZR1) x 1.25 [V] (10)

VouT? Maximum output voltage of CH7 [V]
R1, R2: Feedback resistance (see FEigure 10)
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Figure 10. CH7 Block Diagram
CH7 Recommended Parts
Table 18. Recommended Parts for Inductor (CH7)
VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE2815C-1071AS-120M 12.0 240 28x30x1.2
Table 19. Recommended Parts for Capacitor (Input, CH7)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM21BB31A106KE18 10.0 10 2.0 x 1.25 x 1.25 (EIA code: 0805)
Table 20. Recommended Parts for Diode (CH7)
VENDOR TAPE NUMBER VR[V] IF[mA] VF[V]/IF[A] CAPACITANCE (uF) SIZE (mm)
SANYO SBO0503EJ 30 500 0.55/0.5 16.5 1.6 x0.8 x0.6
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Table 21. Recommended Parts for Capacitor (Output, CH7)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM31CB31E106KA75 10.0 10 3.2 x 1.6 x 1.6 (EIA code: 1206)

CHS8 Description

CH8 uses an external FET. It is based on voltage-mode-controlled synchronous boost converter topology used
for motor control and an IC inside driver. CH8 output should connect to PS (pin 29) because PS (pin 29) is the
path to supply the power for the driver of each channel. This channel has two operation modes — PWM and
PFM. The operation depends on the XSELLP (pin 7) and ENAFE (pin 6) signal level.

When XSLEEP turns high, CH8 operates as PWM mode. The ENAFE (pin 6) signal level does not matter. For
start-up (less than 2.5 V at CH8 output), CH8 operates as WAKE mode to use the internal MOSFET switch
connected to LL8 (pin 27). The duty cycle of WAKE mode is fixed. After PS (pin 29) voltage reaches 2.5 V, CH8
operation is changed from WAKE mode to PFM mode automatically. PFM mode is driven by the external
MOSFET switch. When PS (pin 29) voltage reaches 90% of the target voltage, the operation mode is changed
from PFM mode to PWM mode automatically. To operate CH8 in PFM mode only, XSLEEP (pin 7) must be high
at first. After that, XSLEEP (pin 7) goes low and ENAFE (pin 6) is high for PFM mode. PFM operation is
recommended for the IC drive only from an efficiency point of view.

CH8 has the reversed current protection to monitor the different voltage between LL8 (pin 27) and PS (pin 29).
The protection monitors the difference between both PFM mode and PWM mode. When LL8 (pin 27) voltage is
larger than PS (pin 29) voltage, the function is activated. When the function is activated, SW8HD (pin 28) level is
changed from high to low; SW8LD (pin 26) level stays low. This means that LL8 voltage converges the battery
voltage naturally.

The recovery condition is dependent on the operation mode. When CH8 operates as PFM mode, the condition is
that FB8 (pin 30) voltage is less than 1.25 V. When CH8 operates as PWM mode, the condition is that LL8 (pin
27) voltage is smaller than PS (pin 29) voltage at the rising edge of the internal clock.

The output voltage is programmable from 3.3 V to 5.5 V to use the feedback loop sensed by the external

resistances. The output voltage is calculated by Equation 17. The block diagram is shown in Figure 17].
Vours = (1 + RUR2) x 1.25 [V] (11)
V Output voltage of CH8 I\

ouTs:
R1, R2: Feedback resistance (see
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Table 22. Recommended Parts for Inductor (CH8)

VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (mQ) SIZE (mm)
TOKO DE4518-1124-4R3M 4.3 54 45x47x18
Table 23. Recommended Parts for Capacitor (Input, CH8)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TDK C3216X5R0J226M 22.0 x 2pcs 20 3.2 x 1.6 x 0.85 (EIA code: 1206)
Table 24. Recommended Parts for Capacitor (Output, CH8)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
Murata GRM31MB31A106KE18 10.0 x 2pcs 10 3.2 x 1.6 x 1.15 (EIA code: 1206)
Table 25. Recommended Parts for FET(CH8
ID (DC) ID (DC) Rds(on) Rds(on) ) :
VENDOR | TYPENUMBER | \"iv' ) | (pchy (A) (N-ch) () (Pch) (@) QG (N-ch) (nQ) | QG (P-ch) (nQ)
s VEC2607 45 -4.0 0.032 / 4V 0.037/-4.5V 7.6 11.0
anyo
Y VEC2611 3.0 2.6 0.053 / 4V 0.080/-4.5V 8.8 6.5
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For IC Inside Driver Only
Table 26. Recommended Parts for Inductor (CH8)
VENDOR TYPE NUMBER INDUCTANCE (uH) DCR (MmQ) SIZE (mm)
Yuden LB2518T330 33 700 1.8%x25x1.8
Table 27. Recommended Parts for Capacitor (Input, CH8)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TDK C3216X5R0J226M 22 20 3.2 x 1.6 x 0.85 (EIA code: 1206)
Table 28. Recommended Parts for Capacitor (Output, CH8)
VENDOR TYPE NUMBER CAPACITANCE (uF) TOLERANCE (%) SIZE (mm)
TDK C1608X5R0J475M 47 20 1.6 x 0.8 x 0.8 (EIA code: 0603)
Table 29. Recommended Parts for FET (CH8)
ID (DC) ID (DC) Rds(on) Rds(on) ) :
VENDOR | TYPENUMBER |\ "iv'a) | (pochy (A) (N-ch) (@) (P-ch) (@) QG (Nch) (nQ) | QG (P-ch) (NQ)
ON-SEMI NTZD3155C 0.54 -0.43 0.4/ 4.5V 0.5 /-4.5V 15 1.7
Sanyo SCH2615 1.2 -0.9 0.28/ 4V 0.47/-4.5V 1.15 1.43

Layout Consideration

To avoid ground shift problems due to the high currents in the switches, separate AGND (pin 10) from PGND1
(pin 20), PGND2 (pin 14), PGND3 (pin 25), PGND4 (pin 2), and PGND5/7 (pin 37). The reference GND for all
control signals, such as XSLEEP, is AGND (pin 10). The power switches inside the IC are connected to PGND1
(pin 20), PGND2 (pin 14), PGND3 (pin 25), PGND4 (pin 2), and PGND5/7 (pin 37). Both grounds must be
connected on the PCB (ideally at only one point).
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
TPS65530RSLR ACTIVE QFN RSL 48 2500 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
TPS65530RSLT ACTIVE QFN RSL 48 250 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sh/Br)

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): 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, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

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

®) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.
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TAPE AND REEL BOX INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

b|<K0|<P1>|

i

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length

K0 | Dimension designed to accommodate the component thickness
W | Overall width of the carrier tape

P1 | Pitch between successive cavity centers

1 Reel Width

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o 0 O 0O 0O 00 0O 0 Q — Sprocket Holes

I I
01:Q2 01:::12
o
Q3 | Q4 Q3 | Q4

| v A |

f o T /_/'
~ 1
L
Pocket Quadrants
Device Package| Pins Site Reel Reel AO (mm) BO (mm) KO (mm) P1 w Pin1
Diameter| Width (mm) | (mm) |Quadrant
(mm) (mm)
TPS65530RSLR RSL 48 | SITE 41 330 16 6.3 6.3 15 12 16 Q2
TPS65530RSLT RSL 48 | SITE 41 180 16 6.3 6.3 15 12 16 Q2
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TAPE AND REEL BOX DIMENSIONS

Device Package Pins Site Length (mm) | Width (mm) | Height (mm)
TPS65530RSLR RSL 48 SITE 41 346.0 346.0 33.0
TPS65530RSLT RSL 48 SITE 41 190.0 212.7 31.75
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

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

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

Reproduction 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. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered 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 TI for that product or service
voids all express and any implied warranties for the associated T| product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers Bmplifier.fi.con Audio [nww ircom/audid
Data Converters Automotive [www ii-com/automofivg
DSP [sp Broadband
Interface Digital Control [yww ii.com/digitalcontro]
Logic [oaiciiconi Military [vww T com/militany
Power Mgmt Rowerirconj Optical Networking [xww i.com/opficalnetworR
Microcontrollers Security
RFID Telephony [yww Ti.com/telephony
Low Power Video & Imaging [vww ti.com/vided
Wireless

Wireless [ww ircomiwirelesd

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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